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Infestation of Grasses of the Genus Aegilops 
by the Hessian Fly 


Eimer T. Jones, U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


Grasses belonging to the genus Aegi- 
lops, commonly called goat grass, recently 
have been observed to support appreci- 
able infestations of the hessian fly, 
Phytophaga destructor (Say), in Kansas. 
The purpose of this paper is to record 
this fact and to show the apparent varia- 
tion in susceptibility to fly infestation 
among these species. 

The species of Aegilops are of recent 
introduction into the United States. The 
three species known to occur in the 
United States as weeds in fields and pas- 
tures are A. cylindrica, A. ovata and A. 
triuncialis. 

Johnston (1931) and Hitchcock (1935) 
report A. cylindrica to be a noxious weed 
in wheat fields in Kansas and several 
adjoining States. In this area A. cylindrica 
is a winter annual. The seeds germinate 
with winter wheat in the fall, and the 
plants compete with wheat throughout 
the growing season, producing seed 
which disarticulates and drops to the 
ground when the wheat is harvested, 
thus seeding a crop for the next season. 

A. ovata and A. triuncialis do not now 
occur generally in wheat fields. However, 
since these and a number of other species 
of Aegilops that have been tested appear 
to be similar to A. cylindirca in life habit, 
adaptation, competition and mode of dis- 
semination, it is probable that they also 
will eventually become established in 
wheat fields as weeds, and, as such, some 
species may maintain and carry over 
infestations of the hessian fly, thereby 
complicating its control. 

AgGILOPS CYLINDRICA.—Field — observa- 
tions extending over several years, tests 
in small plats with caged flies, and nu- 
merous flat and pot tests under severe 
artificial infestations of eggs of flies bred 
from wheat indicate that A. cylindrica 
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taken from fields in central Kansas is 
extremely resistant to the development 
of hessian fly larvae. In the rare cases 
where larvae have developed on this 
strain of A. cylindrica the puparia have 
been indistinguishable from puparia pro- 
duced on wheat plants. 

Observations made in the field and in 
smal] test plots indicate that A. cylindrica 
is considerably less attractive than wheat 
for oviposition by the hessian fly. This 
difference, however, has been less marked 
in greenhouse and hotbed tests than in 
the field. 

RELATIVE ATTRACTIVENESS FOR OvVI- 
POSITION.—Results of a greenhouse test 
to determine the relative attractiveness 
of strains of Aegilops are shown in table 1. 
In general these data, obtained by infest- 
ing 3 potted replications of each of the 
15 grass strains and 2 wheat checks under 
a single cage, show no outstanding tend- 
ency of the flies to oviposit on particular 


Table 1.—Comparative attractiveness of 
strains of Aegilops for oviposition by the hessian 
fly as indicated by number of eggs deposited. 











NuMBER OF AVERAGE - ERAGE 
: PLANTS IN| NUMBER NUMBER 
Ornate Test or Leaves or Ecos 
wits Ecos per PLANT PER Lear 
Grass STRAINS 
A. ovata (Wn. 2477) 7 3.9 5.1 
A. squarrosa (Bruner) 36 2.3 5.5 
A. crassa rubignosa 27 2.8 5.5 
A. trioristata (GH 1934) 23 4.2 5.5 
A. crassa rubescens 19 3.0 6.0 
A. ovata’(Kans. glabrous) 20 5.0 6.0 
A. cylindrica (Wn. 2433) 27 2.6 6.3 
A. ventricosa (France) 35 3.0 6.6 
A. triuncialis (Wn. 2484) 23 3.5 6.7 
A. ovata globosa 25 3.6 7.6 
A. ventricosa 20 3.3 8.0 
A. triuncialis (Tiflis) 24 3.4 8.1 
A. triuncialis (Kans. 
pubescent) 24 3.9 8.5 
A. cylindrica (glabrous) 17 2. 8.5 
A. cylindrica rubignosa 18 3.4 9.4 
Wueat Cuecks 
Marquillo 43 3.3 14.7 
Ceres 41 2.8 21.4 
3 
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strains. However, it may be noted that 
A. ventricosa, A. triuncialis and A. cylin- 
drica generally received more eggs per 
leaf than did other species. In this test all 
plants received eggs. 

The number of eggs shown for Mar- 
quillo and Ceres is somewhat less than the 
number actually deposited, as portions 
of leaves with concentrated masses of eggs 
were removed and discarded prior to the 
counting. However, the data show dis- 
tinct oviposition preference for wheat. 





’ 


\ 


S 
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Fic. 1.—Spikes of several species of Aegilops, reading 
from left to right as follows: (a) A. crassa rubignosa; 
(b) A. crassa rubescens; (c) A. cylindrica (pubescent) ; 
(d) A. cylindrica rubignosa; (e) A. squarrosa; (f) A. 
ventricosa; (g) A. triuncialis; (h) A. triuncialis 
(Kans. pubescent); (i) A. ovata (glabrous); (j) A. 
trioristata; (k) A. ovata globosa. 
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COMPARATIVE SUSCEPTIBILITY OF 
Srrains.—Twenty-two strains represent- 
ing 11 species of Aegilops were tested in 
the greenhouse for reaction to infestation. 
All seed, except one strain of A. cylindrica 
from Pratt, Kans., was supplied by C. QO. 
Johnston of the Bureau of Plant Industry, 
United States Department of Agriculture, 
from leaf-rust test material. 

Plants growing in 38-inch pots were 
tested in triplicate series in flats filled 
with sand. They were exposed to flies 
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under cheesecloth-covered cages. When 
sufficient eggs had been deposited, pu- 
paria and cage were removed. Eggs on 
the upper side of leaves were counted. In 
some cases parts of leaves covered with 
masses of eggs were removed and dis- 
carded to facilitate counting. The re- 
moval of the excess eggs, however, should 
have no bearing on the final results, as 
only a limited number of larvae can 
develop on small plants. 

Characteristic heads of several species 
tested are shown in fig. 1, and typical 
injury caused by larvae is shown in fig. 2. 

After the egg count had been com- 
pleted, time was allowed for incubation. 
Although counts of unhatched eggs were 
not made, observation indicated a uni- 
formly normal hatch on all plants. Fol- 
lowing completion of larval development, 
the plants were dissected to determine 
infestation. 

In table 2 it may be noted that strains 
of A. cylindrica and A. ventricosa appear 
to be more resistant to the development 
of hessian fly larvae than any of the 
other species in the test. The data also 
show that strains of the same species 
differ widely in reaction to infestation. 
This is emphasized in the case of A. 
cylindrica from Pratt, Kans., with zero 
infestation and A. cylindrica rubignosa 
with 53 per cent of the plants infested. 
Similar wide differences are also apparent 
in several other species. 

Ability of plants of some strains to re- 
cover from infestation injury was one of 
the outstanding features of the test. In 
some cases this was due to prolific tillering 
of infested plants. 

In strains of A. cylindrica, A. ventri- 
cosa and A. triuncialis, however, some 
heavily infested stems were not injured 
by infestation, while stems of other 
strains were severely injured or killed. 

A number of plants in the Marquillo 
wheat checks recovered from injury by 
tillering. Plants of the Ceres checks were 
severely injured or killed. The fly-free 
stems of the infested Marquillo plants 
were discolored and otherwise affected 
by infestation. As a rule, the fly-free 
stems of infested Aegilops plants gave no 
outward indication of infestation. Ap- 
parently the feeding larvae are more 
harmful to the tissues of wheat than to 
those of Aegilops. 


INFESTATION REACTION OF AEGILOPS- 
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Fig. 2.—Comparative injury to Aegilops and wheat plants caused by hessian fly larvae, reading from left 


*. 


to right as follows: (a) Aegilops cylindrica; (b) Marquillo (check); (c) Ceres (check); (d) A. triuncialis by 
Triticum durum. 


Table 2.—Summary of results. Infestation of strains of Aegilops by the hessian fly. 





“ 


Noumper Per Cent In 


OF FESTED WITH 
STRAIN PLANTS PuPARIA 
INFESTED 
with Plants Stems 
‘GGs 
GRASS STRAINS 
entricosa (France 35 0.0 0.0 
cylindrica (Pratt, 

Kans 23 0.0 0.0 
ylindrica (5-2-glabrous) 1 6.7 4.0 
entricosa 20 10.0 9.0 
ylindrica (Wn. 2433 24 21.0 15.0 
crassa rubignosa 28 29.0 19.0 
trioristata (ss vecta 17 29.4 8.6 
tauchii (PQ 77691 25 $2.0 19.0 
ovata (Wn. 2477) 27 $8.0 25.0 
hicornis 19 53.0 31.0 
cylindrica rubignosa 17 53.0 26.0 
crassa rubescens 18 56.0 42.0 
triuncialis (Wn. 2484 23 57.0 35.0 
triuncialis nigro albes- 
ens SI 61.3 45.0 
squarrosa (Bruner) 32 63.0 54.0 
hiuncialis 20 65.0 23.0 
columnaris 20 65.0 33.0 
wata (Kans. glabrous 18 67.0 31.0 
trioristata (GH 1934 22 68.0 41.0 
friuncialis (Kans. 

pubescent) 20 70.0 52.0 
triuncialis (Tiflis) 22 73.0 49.0 
wata globosa 21 76.0 35.0 
Wueat Cuecks 
irquillo 50 72.0 34.0 
res 55 88.0 64.0 


PUPARIA 


Average 
Number 


In 


per 


Total fested 
Plant 


56 
tz 
+6 
29 
50 


6S 
61 


‘= 


268 


ll 


“ « 


a 


Cn ee 


- 


Eaas 
Total Average 
on per 
Plants Plant 
702 19.5 
371 16.1 
S08 26.0 
517 26.0 
306 16.5 
429 15.2 
566 33.5 
208 8.3 
525 19.5 
149 7.9 
651 39.0 
820 17.8 
545 24.0 
373 12.0 
461 14.5 
276 13.8 
249 12.4 
556 $61.0 
518 23.0 
729 36.5 
602 27.5 
561 26.6 
2000 40.0 
2634 48.0 


AVERAGE 
Per Cent 
or Eaas 
Number Number Propucina 
PUPARIA 


io 


12.§ 





REMARKS 


No injury 


No injury 

No injury. 

No injury 

Very slight injury. Infested plants 
have wider leaves 

Infested plants dead, others normal. 

No injury apparent 

Infested plants severely injured. All 
plants very small 

No injury apparent. 

Moderate to slight injury. 

Good recov ery from injury. 

Serious injury 

Some injury but good recovery. 


Moderate injury. 

Very small slants, moderate injury. 

Infested plants seriously injured. 

Moderate to severe injury. 

Moderate injury. A number of dead 
larvae found. 

Uniformly severe injury, good re- 
covery. 


Severe injury. 
Severe injury, good recovery. 
Severe injury, good recovery. 


Severely injured plants, fair re- 
covery. 

Many dead plants. Very severe in- 
jury. Puparia small due to crowd- 
ing. 
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Wueat Hysrins.—Infestation reaction 
of Aegilops-wheat hybrids obtained from 
W. J. Sando, Bureau of Plant Industry, 
U. S. Department of Agriculture, has 
been studied briefly. Plants of the two 
lots of seed were comparably tested in 
the greenhouse in the same manner as 
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Summary.—In greenhouse tests of 22 
strains representing 11 species of Aegi- 
lops, 18 strains were found susceptible to 
hessian fly infestation. Two strains each 
of A. *ventricosa and A. cylindrica ap- 
peared to be resistant to fly infestation. 
All strains of Aegilops were found to be 


Table 3.—Summary of results. Infestation of wheat-Aegilops crosses by the hessian fly. 











PupaRia 

Per Cent In- ——— 

FESTED WITH 
PuPARIA 

fested 

Plant 


Plant sStems Total 


Eacs 





Average Number Total Average Per 
Number of Plants Number Number 
per In- Infested P on per 


Cent ReMARKS 
Produc- 

Plant ing 

Puparia 


lants 





F* Wueat- Anonore Hysaiwe 
A. triuncialis X Purple-seed 67 3: 8 
T. durum, Sel. 3 


A. triuncialis X Purple-seeded 67 
T. durum, Sel. 4 

A. triuncialis X Purple-seeded 33 
T. durum, Sel. 5 


A.triuncialis X Purple-seeded 100 
T. durum, Sel. 6 


A. triuncialis XPurple-seeded 0 
T. durum, Sel. 8 
Waeat Caecks 
Marquillo 35 
Ceres 71 


F* Waeat-Arcitops Hrarins 
A. triuncialis X T. durum 
(var. Pelis) 


A. ovata XT. dicocceum (Black 
W. Emmer) 


A, ventricosa XT. turgidum 
(var. Alaska) 


A. triuncialis XT. turgidum 100 
(var. Alaska) 


Waeat Cuecks 
Marquillo 
Ceres 


Infested stem dead, others 


healthy. 
Moderate injury. 


Segregating? Serious injury to 
infested plant. 


Plant very healthy. No sign of 
injury although 11 large pu- 
paria were removed from 
sheath. 


Resistant. 


Severe injury to infested plants. 

Too many eggs. Many unrecog- 
nizable larvae. Majority of 
plants killed. 


Harsh tissues, very poor plants 
resembling Aegilops more than 
wheat. 


All infested plants show severe 
injury. Soft tissues. 


Soft tissues. Serious injury to a 
few plants, others recovered. 


Soft tissues. Serious injury to all 
plants. 


Moderate injury. 
Serious injury. Too many eggs 
for uniform development. 





the aforementioned species of Aegilops. 
One lot consisted of F* plants from five 
selections of A. triuncialis X purple-seeded 
Triticum durum. The other lot consisted 
of F® plants of selections from the crosses 
A. triuncialis X T. durum, A. triuncialis X 
T. turgidum, A. ovataXT. dicoccum and 
A. ventricosaX T. turgidum. The results 
of these tests are given in table 3. 

Only two crosses were found resistant 
to the hessian fly, viz., A. triuncialisX T. 
durum (var. Pelis) and selection 8 of A. 
triuncialis X purple-seeded T. durum. 
Plants of selection 5 of A. triuncialis< 
purple-seeded T. durum were segregating 
for resistance. The remaining crosses 
were susceptible to infestation. 


much less attractive to flies for oviposi- 
tion than was wheat. Egg counts showed 
that comparably infested plants of 15 
strains of Aegilops differed in attractive- 
ness for oviposition, but no outstanding 
differences between strains were noted. 

Tests of nine selections of wheat- 
Aegilops crosses of F* and F* generations 
gave infestations of 0 to 100 per cent. 

Aegilops cylindrica and A. ventricosa 
are possible sources of resistant parent 
material for breeding fly-resistant wheat. 
Susceptible strains of Aegilops are po- 
tential secondary hosts which may at 
some future time have to be reckoned 
with in the prevention of damage by the 
hessian fly.—1-7-38. 
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Comparative Resistance to the European Corn Borer of ‘Two 
Hybrid Strains of Field Corn at Toledo, Ohio 


L. H. Patcu, G. T. Borrcer and B. A. App, U. S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine* 


Incident to the testing of the corn 
borer resistance of numerous hybrid 
strains of field corn by the Bureau of 
Entomology and Plant Quarantine of the 
U.S. Department of Agriculture, an op- 
portunity for a direct comparison between 
a previously reported borer-resistant 
strain and a standard borer-susceptible 
strain was provided in the tests made in 
1936 and 1937. 

Corn Varieties Usep.—Michigan 
Hybrid No. 561 has been reported by 
Marston (1936) to be resistant to the 


crossing S-10 have Maize Amargo breed- 
ing and have shown strong indications cf 
being resistant to borer attack. S-10, the 
synthetic hybrid, likewise has shown un- 
der tests marked resistance to the borer. 
The inbred used to sire S-10 in producing 
Hybrid No. 561 has shown distinct re- 
sistance to borer attack for several 
years.” 

The single cross AXTr has been used 
since 1933 in the tests at Toledo, Ohio, 
as a standard borer-susceptible strain for 
the comparison of other strains of field 


Table 1.—Numbers of European corn borers per plant resulting from given numbers of egg masses 
hatching on single cross AXTr and the local varieties Clarage and Woodburn, near Toledo, Ohio, 


1933, 1934 and 1935. 








AXTr 
Number Mean Number 
of of Days 
Borers from June 30 
per to Tassel 
Plant Appearance 


DATE OF 
PLANTING 


May 19, 1933 
June 2, 1933 

May 3, 1934 

May 17, 1934 
May 31, 1934 
May 11, 1935 
May 27, 1935 
June 11, 1935 


8 
4 


17.4 
24.3 
4.4 
14.7 
22.9 
21.4 
25. 
32. 


8 


— 
onourkaocas 


Mean 20. 





STRAIN oF CorRN 


Number Mean Number Number Mean Number 


Borers 
per 


PI 


10. 
6.! 
9. 

6. 

3. 


15. 


ov. 


8.5 


Clarage Woodburn 


of 
Borers 

per 
Plant 


of of Days 
from June 30 
to Tassel 


Appearance 


of Days 
from June 30 
to Tassel 
ant Appearance 
3 
2 
0 
0 
0 


14. 
23. 

6. 
15. 
24. 
17. 
23. 
30. 


= 
— 


re 2-1) S Or 


1 
0 
7 


ms 
eS 


19.2 





European corn borer, Pyrausta nubialis 
(Hbn.). This hybrid is described as a 
“top-cross between a synthetic variety, 
5-10, and an inbred strain. S-10 was 
made by blending 91 inbreds. All of these 
inbreds and also the inbred used in top- 


* The authors gratefully acknowledge their indebtedness to 
W. A. Baker under whose general supervision these tests were 
made possible and conducted, to A. k Marston for supplying 
seed of the Michigan strains, and to Ralph Mathes for providing 
egg masses of the European corn borer moth in 1937. 


corn, This use was based on the fact that 
AX Tr appears to offer the borers a maxi- 
mum chance for survival under a given 
set of conditions. The number of borers 
surviving on it have about equaled those 
surviving on the locally adapted varieties 
Clarage and Woodburn. The data on this 
point are presented in table 1. Eight 
plantings of AXTr have averaged 8.18 
mature borers per plant from a given 
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number of eggs compared with 8.50 
borers in Clarage. Six plantings of AX Tr 
have averaged 8.20 borers per plant 
compared with 8.58 borers in Clarage 
and 7.78 borers in Woodburn. Strain 
AXTr averaged a day later in maturity 
than Clarage and a day earlier than 
Woodburn. Strain AXTr has averaged 
only 1.2 days earlier than Michigan Hy- 
brid No. 561, table 2. It would seem, 
therefore, that AXTr should be a good 
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of the same yielding capacity. Michigan 
Hybrid No. 561 was given all these tests. 

Test ror Resistance TO BorER Sur- 
vivaL.—Corn borer infestations were in- 
duced by placing by hand an equal num- 
ber of egg masses on each plant. The egg 
masses were produced in the laboratory 
by the method described by Patch and 
Peirce (1933), with some modifications. 
The relative periods required for ma- 
turity of the strains were measured by 


Table 2.—Numbers of European corn borers per plant resulting from given numbers of egg masses 
hatching on Michigan Hybrid No. 561 and single cross AXTr, near Toledo, Ohio, 1936 and 1937. 


Average of 20 to 48 plants. 





NuMBER oF Borers 


Date 
Borers 
Hatcuep 


DaTE oF PER PLANT 
PLANTING 
Strain 
AXTr 


Strain 


Mich. 561 


May 21, 1936 


July § 
July 
July 
July 
July 
July 
July 
July 
July 
July 


z~oc 


—_ 
~ 


OM Gr et =) 


May 22, 1936 
May 20, 1937 


Average 


AVERAGE OccURRENCE OF THE FOLLOWING 
Puases or Maturity 
Days From June 30 to 

Indicated Phase for Difference . ; 
‘ * Phases 
in Days 

Strain 

AXTr 


Strain 
Mich. 561 
Tassels visible 
Tassels visible 
lassels visible 
Tassels visible 
Tassels visible 
Silking 
Pollen shedding 

£ 
Pollen shedding 
£ 
Pollen shedding 
Pollen shedding 


21. 20.7 
21. 20.1 
23. 19.7 
23. 21.0 
22.3 19.6 
33. 32.0 
$1.5 32.3 
30. 30.0 
30.§ 29.9 
28. 27.9 





* Strain A XTr was the earlier except for the record indicated by a minus sign. 


strain to compare for borer resistance 
with Michigan No. 561. 

Strains AX Tr, Clarage and Woodburn, 
have about the same seasonal require- 
ments, and approximately the same num- 
ber of borers were observed to survive on 
them. Hence, if other strains of about the 
same maturity as AXTr are found to 
mature as many borers, from an equal 
number of eggs, as AXTr, it may be 
concluded that those strains are no more 
resistant to the survival of the borer 
than the locally adapted varieties. If, 
however, strains are found apparently not 
resistant to the establishment or survival 
of the borer on them, they might actually 
be borer resistant owing to their lack of 
attractiveness to the moths for egg depo- 
sition. Again, such strains might be 
borer resistant or borer tolerant in the 
sense that a given number of borers 
would have less effect in reducing their 
yield than the yield of less tolerant strains 


the time when the tassels or silks first 
became visible or by the time when 
pollen shedding first occurred. The date 
of either of these events, according to 
the experiment, was recorded for each 
plant in the sample and the mean date 
for the strain determined. Before the mi- 
gration of the full-fed borers was in 
active progress, all plants of a given sam- 
ple were dissected to determine the 
number of mature borers. The plant 
samples in 1936 consisted of 20 to 24 
plants, but in 1937 the samples of strain 
AXTr were twice as large. In 1936 the 
corresponding samples of the two strains 
were adjacent; and in 1937 each sample 
consisted of two replicated plots, 2 by 2 
hills in size, distributed at random among 
38 other strains. The mean number of 
borers per plant and the date when the 
tassels, silks or pollen shedding was first 
observed are given in table 2 for each of 
10 tests. 
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The results given in table 2 show that 
nearly as many borers survived in Michi- 
gan No. 561 as in the borer-susceptible 
strain AXTr. There was an average of 
0.73 of a borer more in AXTr, but a 
fraction of this difference might have 
been due to the slightly more advanced 
stage of the plants. 

Seed of synthetic variety 5-10 and of 
the inbred Michigan 1450, with which it 
was crossed to produce the top-cross 
Michigan No. 561, was provided in 1937 
for planting with 20 inbreds in a borer- 
resistance test of inbreds. All the plants 
in each of the five replications provided 
were infested with three egg masses per 
plant on the same date. Averages of 
5.0+0.54 and 5.6+ 0.63 borers per plant 
were dissected from 52 plants each of 5-10 
and inbred Michigan 1450, respectively. 
On the basis of the regression of the 
borers per plant on the dates of pollen 
shedding of the 22 strains, the numbers of 
borers expected from these two strains 
were 5.9 and 5.2 per plant, respectively. 
The data indicate that the borer popula- 
tion both in inbred Michigan 1450 and 
in S-10 was not significantly different 
from the number expected. 

Test ror Resistance TO Eaa Dep- 
osition.—In a planting made in 1937, 
four rows, 50 hills in length, of AXTr 
were followed by four rows of Michigan 
No. 561. One tagged plant from each of 
50 hills of AX Tr, in the row adjacent to 
Michigan No. 561, was examined for egg 
masses at least once in every five days 
throughout the oviposition period. Like- 
wise a sample of plants of Michigan No. 
561 was examined in the row adjacent to 
AXTr. The height of each of the tagged 
plants to the highest tip of the leaves, ex- 
tended straight up, was measured on 
July 8 to the nearest centimeter. 

If each egg mass laid may be considered 
as representing a choice by the moths 
between the plant where the mass was 
found and the plant in the opposite hill, 
the moths chose 39 times between Michi- 
gan No. 561 and AXTr. Michigan No. 
561 was chosen 23 times and AXTr 16 
times. The averages heights of the plants 
of Michigan No. 561 and AXTr in the 
39 choices were 131.1 and 116.7 em., 
respectively. 

In addition to the comparison between 
Michigan No. 561 and AX Tr, a compari- 
son was made between Michigan No. 561 
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and single-cross R4XHy. This test was 
made in exactly the same manner as the 
test just discussed. In this test the moths 
chose 35 times between Michigan No. 561 
and R4xXHy. Michigan No. 561 was 
chosen 26 times and R4 x Hy 9 times. The 
average heights of the plants of Michigan 
No. 561 and R4XHy in the 35 choices 
were 135.4 and 115.2 em., respectively. 

In the comparison between Michigan 
No. 561 and AXTr, 59 per cent of the 
total number of egg masses was laid on 
Michigan No. 561, this strain being 14.4 
cm. taller. In the comparison between 
Michigan No. 561 and R4XHy, 74 per 
cent of the total number of egg masses 
was laid on Michigan No. 561. In this 
case Michigan No. 561 was taller by 
20.2 em. Height probably was a factor in 
the greater number of egg masses laid on 
Michigan No. 561. 

Test ror Resistance TO REDUCTION 
IN YreLp.—Three 5-by-10-hill plots of 
Michigan No. 561 were planted on uni- 
form land on May 22, 1936. The plants in 
the first plot were subject only to the ovi- 
position of the moths in nature. Each 
plant in the next adjacent plot was in- 
fested with three egg masses and each 
plant in the next plot was infested with 
five egg masses. There resulted 0.6, 6.6 
and 8.9 borers per plant. The yield of the 
plants remaining, after the samples had 
been dissected to determine the number 
of borers, was at the rate of 54.3, 43.4 and 
39.3 bushels per acre of 15.5 per cent 
moisture content. The method of least 
squares was used to determine the regres- 
sion of the yield on the borer population 
and to estimate the yield that would have 
been obtained in the absence of borers. 
The yield was reduced at the rate of 1.81 
+ 0.023 bushels per acre per borer per 
plant. The yield in the absence of borers 
was estimated to be 55.4 bushels. 

The locally adapted Clarage strain of 
corn has been tested on seven plantings 
from 1929 to 1932, inclusive. The rate of 
redu¢tion in yield of this strain was 
found to be 1.83 + 0.064 bushels per borer 
per plant from a normal yield, in the 
absence of borers, of 54.8 bushels. The 
yield of Michigan No. 561 does not ap- 
pear, from the test given it, to be re- 
duced by the corn borer less than would 
be expected of the Clarage strain. 

SuMMARY.—Field experiments carried 
on in 19386 and 1937 under the direction 
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of the laboratory at Toledo, Ohio, in- 
cluded the top-crossed hybrid field-corn 
strain Michigan Hybrid No. 561. This 
strain has been reported to be resistant 
to the European corn borer. In compari- 
son. with standard strains of about equal 
seasonal requirements known to possess 
no inherent resistance to the corn borer, 
and tested by proved methods of induc- 
ing infestations by hand, Michigan No. 
561 was found not to be relatively borer 
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resistant with respect to the number of 
mature borers surviving from a given 
number of eggs. In other experiments 
Michigan No. 561 was found not to be 
borer resistant with respect to the dep- 
osition of eggs by the moths in nature, 
nor to the reduction in the yield of grain 
by a given number of borers compared 
with the reduction that was expected of 
strains of equal yielding capacity.— 
1-7-38. 
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The Annual White Grub, Ochrosidia villosa Burm.., 
in Ohio Lawns 


C. R. Netswanper, Ohio Agricultural Experiment Station, Wooster 


During the past three or four years 
white grubs have severely injured lawns 
at many points in Ohio. The damage has 
been most severe in the eastern part of 
the State. Reared adults of the dominant 
species involved have been identified 
by E. A. Chapin of the U. S. National 
Museum as Ochrosidia villosa Burm. The 
grubs of this genus can be distinguished 
from those of the genus Phyllophaga by 
the absence of the two median longitudi- 
nal rows of mesad-pointing spines on the 
last abdominal segment and also by a 
transverse anal slit which in the Phyl- 
lophaga is V-shaped. These differences 
were pointed out specifically by Hayes 
(1918). 

In some lawns examined the grub pop- 
ulation was a mixture of Ochrosidia villosa 
and members of the genus Phyllophaga 
but in many instances little else than the 
former species was found. In some lawns, 
as many as 47 grubs per square foot were 
observed and in many instances popu- 
lations of 10 to 15 grubs per square foot 
occurred. Such populations practically 
destroyed the grass, as fig. 1 shows. 

The grubs of this species seem to bur- 
row through the soil more extensively 
than do those of Phyllophaga. Under con- 
ditions of a severe infestation the soil is 


pulverized and the turf feels soft and 
springy to the step. 

Lire History.—<As the name indicates, 
the annual white grub completes its life 
cycle in one year. The egg deposition 
period extends through late June and 
July. Observations to date indicate that 
for the most part eggs are deposited in 
grasslands in a manner similar to that of 
the Phyllophaga. After a period of 19 days 
the eggs hatch and the young grubs start 
feeding. They grow rapidly and by the ap- 
proach of cold weather are nearly full 
grown. About the middle of October they 
begin migrating downward and spend 
the winter at a depth of 14 to 16 inches 
in the soil. Early in April they again start 
toward the surface. By May 1 most of 
the grubs are at the soil surface feeding 
on the roots of grasses. In table 1 is given 
the average depth of grubs for different 
periods in the fall of 1936, together with 
the mean air temperatures for the period. 
The record is based on the observation 
of 30 to 70 grubs at each period. Table 2 
gives a similar record for the spring of 
1937. 

It may be noted from table 1 that the 
grubs started migration downward by 
October 26 and became stationary about 
the middle of November. In the spring 
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Fic. 1.—Sod of dead lawn turned back to show grub population and pulverized condition of soil. 


they started up by April 9 and were all 
at the surface on May 11. By June 4 
they again started a migration downward. 
The greatest mean depth for this period 
was attained by June 15. This movement 
was followed by pupation. The average 
depth of all pupae taken from the soil 
through this period was 6.4 inches. An 
average of 18.7 days was spent in the 
pupal period. 

The adults begin emerging during the 
latter part of June, although a few indi- 
viduals have occurred in light traps at 
Wooster as early as June 13. They con- 
tinue in flight until the latter part of 
July. Of 69 adults reared from grubs in 
1937, 59 per cent were males and 41 per 
cent were females. 

Table 1.—Mean depth of grubs in the soil from 
October 6 to December 10, 1936. 








Mean AIR 
TEMPERATURE 
in Decrees F. 


AVERAGE 
Deptu 
IN INCHES 


DaTE 


October 6 a. 

October 14 .$ 3.8 
October 21 6 53.! 
October 30 j 4.$ 
November 6 

November 13 
December 10 


> 


6 
‘ 


41.( 
38.1 
32.4 





During the season of 1937, 10 light 
traps were operated at various points in 
the state. The adults, particularly the 
males, are very strongly attracted to 
lights; as many as a quart have been 
taken in a single trap in one night during 
the maximum flight period. As a result of 


Table 2.—Mean depth of grubs in the soil 
from April 1 to June 15, 1937. 








Mean Arr 
TEMPERATURE 
In Decrees F. 


AVERAGE 
Deptu 

In INCHES 
16.0 
April 9 11. 
April 16 10. 
April 24 4.$ 
May 1 3.3 
May 7 

May 11 

May 28 
June 4 
June 12 


June 15 67.7 





the trapping program, large numbers were 
taken in the eastern part of the state; 
none, in the northwestern part, namely, 
at Holgate, Ada or McGuffey; and only 
a few at Mount Healthy, in the south- 
western part. They were particularly 
abundant at Marietta, where a total of 
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11,312 males and 2,015 females was 
taken during the season. 

Of the total number collected at all 
traps operated, the malés exceeded the 
females in the ratio of 7 to 1. The sex 
ratio varied extremely, however, for dif- 
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ferent nights in any one area. For in- 
stance, in the Marietta trap there were 
260 males and 306 females on June 26; 
883 males and 3 females on June 29; 945 
males and 3 females on July 2; and 972 
males and 311 females on July 4. At pres- 
ent the writer is unable to give any ex- 
planation for these interesting variations. 
The differences suggest the need for a 
careful study of ecological and meteoro- 
logical factors. 

In fig. 2 the seasonal capture of both 
males and females is shown for four of 
the traps operated. The no. 1 trap at 
Wooster was located in the Station ar- 
boretum and was adjacent to wooded 
areas having a bluegrass cover. The no. 
2 trap was located in an open area and 
probably drew beetles from various 
sodded regions, including lawns. It may 
be noted that the collection from the 
wooded area was about 5 days later than 
the one in the open field. It may be noted 
also that the more southerly Marietta and 
Portsmouth collections were somewhat 
sarlier than either of the Wooster collec- 
tions. 

A food-host of the adult has not been 
found although many plants have been 
examined at night in the search. Even 
during the maximum flight period the 
only place beetles could be found in sig- 
nificant numbers aside from at lights was 
in infested lawns and even there they were 
not abundant and were not observed to 
be feeding. Females were frequently seen 
perched at the tip of a blade of grass but 
upon being disturbed by a flashlight they 
would leave the grass and start burrowing 
into the soil. 

The complete seasonal history for the 




















Diagram showing the seasonal occurrence of the various stages of Ochrosidia villosa Burm, 
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insect in the Wooster area is shown in 
fig. 3. 

ConTROL EXPERIMENTS.—In order to 
provide fairly uniform conditions for an 
insecticide experiment, grubs of this 
species were collected and placed in the 
soil within 20-inch diameter sewer tile 16 
inches long set upright in the ground, as 
shown in fig. 4. A disk of 18-mesh wire 
cloth was fitted into the bottom of each 
tile to prevent escape of the grubs. 
Twenty-five tiles were prepared in this 
manner and 20 grubs were placed in each. 
This provided 25 experimental units which 
were used for five treatments, each repli- 
cated five times. The upper six inches of 
soil in the tile consisted of screened com- 
post in which small clumps of living blue- 
grass were planted for food. The grubs 
were placed in the compost and covered 
with a layer of the same material, in 
which the grass was planted. 

The grubs were left undisturbed for a 
few days in order to permit them to be- 
come adjusted to their new environment. 
When they were found to be feeding 
normally, the following treatments were 
applied: 

A.—Carbon disulfide plus rosin fish oil 
soap emulsion. This was made ac- 
cording to the Japanese beetle 
formula and consisted of a stock 
emulsion made up of 1 part rosin 
fish oil soap, 3 parts water, and 10 
parts carbon disulfide. The stock 
emulsion was diluted at the rate 
of 1 quart to 50 gallons of water. 
This was applied at the rate of 14 
gallons per square yard. 

B.—Carbon disulfide emulsion prepared 
as in A but applied at the rate of 
3 gallons per square yard. 

C.—Carbon disulfide emulsion made 
by mixing 85 parts of carbon di- 
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sulfide with 15 parts of Grasselli 
spreader and sticker and diluting 
at the rate of 1 quart to 50 gallons 
of water. This was applied at the 
rate of 13 gallons per square yard. 
D.—Carbon disulfide emulsion made as 
in C but applied at the rate of 3 
gallons per square yard. 
).—Check. Not treated. 


Fic. 4.—Buried sewer tile used for confining grubs 
in insecticide tests. 


One hour after these treatments had 
been applied, water was added to all plots 
at the rate of 2 gallons per square yard. 
The insecticides and the water were ap- 
plied by means of a sprinkling can. Five 
days later the soil was examined for grub 
mortality. Both live and dead grubs were 
recovered and counted. The results are 
given in table 3. 

The analysis of variance on the data in 
this table indicates that a difference in 
means of 19.8 is required for significance 
at odds of 19 to 1. It may be noted that 
a mortality difference of 40 per cent was 
obtained in both types of emulsion when 
the application was increased from 1} to 
3 gallons per square yard. Both of the 
materials used made a satisfactory emul- 
sion. When they were applied at the 


Table 3.—Grub mortality after treatment with carbon disulfide emulsions. 





RATE PER 


TREATMENTS SquaRE YARD 


CS,+soap emulsion 1} gal. 
CS.+soap emulsion 3 gal. 
.—CS.+Grasselli spreader 1} gal. 
D.—CS.+Grasselli spreader 3 gal. 
.—Check—not treated 





Per Cent Deap 


Replication Number 


— Mean 

2 3 4 
67 46 60 
100 100 100 
25 29 5B 39 
95 65 79 
0 f 4 
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higher rate without watering in an open- 
lawn test, slight injury occurred to white 
clover, but this was not apparent after a 
few days. However, 1.5 inches of rain fell 
between 8 and 10 hours after the insecti- 
cide application was made. 

During the fall of 1937 a similar insecti- 
cide experiment was conducted, in which 
the following treatments were used. In 
this instance 25 grubs were placed in 
each tile. 

A.—Lead arsenate, 5 pounds per 1000 
square feet of surface, mixed with 
the upper layer of soil before the 
grubs were introduced. 

-Lead arsenate, 5 pounds per 1000 
square feet of surface, scattered 
over the surface after the 
grubs were in place. 

Lead arsenate, 10 pounds per 1000 
square feet of surface, mixed with 
the upper layer of soil before the 
grubs were introduced. 

Lead arsenate, 10 pounds per 1000 
square feet of surface, scattered 
over the soil surface after the grubs 
were in place. 

Carbon disulfide plus rosin fish oil 
soap emulsion applied at the rate 
of 3 gallons per square yard. 
Check. Not treated. 


soil 


The arsenical treatments were applied 
on September 17 and the plots were im- 
mediately watered at the rate of approxi- 
mately 2 gallons per square yard. The 
carbon disulfide emulsion was applied on 
September 27. The mortality record for all 
plots was taken on October 26. All of the 
soil in each tile was sifted, and the living 
grubs found therein were recorded. Live 
grubs only were counted in taking this 
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record because many of the dead grubs 
had so thoroughly disintegrated that they 
could not be found. The survival record 
is given on table 4. 


Table 4.—Grub survival record from in- 
secticide test, 1937. 





T 





NuMBER or Gruss Living 





Replication 
Number 


TREATMENTS 
Mean 


A.—Lead arsenate, 5 lbs., 
mixed with soil 12 18 
B.—Lead arsenate, 5 lbs., 
applied to surface ll 6 
C.— Lead arsenate, 10 lbs., 
mixed with soil 6 10 
D.— Lead arsenate, 10 lbs., 
applied to surface 
E.—Carbon disulfide+ 
soap emulsion ‘3 2 2. 
F.—Check—not treated 19 22 19 20 20. 





5 4 





In table 4 a difference in means of 6.6 
is required for significance at odds of 19 
to 1. It may be noted that the carbon 
disulfide plus soap emulsion again gave a 
high kill although not so high as in 1936. 
The lead arsenate treatments would prob- 
ably have given higher kills than they did 
if the grubs had been actively feeding 
throughout the period. As shown in table 
1, the grubs start moving downward 
about the middle of October. It is prob- 
able also that many of them were not 
feeding actively before that time. In 
spite of the higher mortality from the car- 
bon disulfide treatment, the writer is 
inclined to favor the arsenical treatment 
because of the known residual effect of 
this material.—1-7-38. 
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Vicorous Measures to standardize state plant 
quarantines of the region were undertaken by the 
Southern Plant Board at its meeting held at New 
Orleans, February 3 to 5. As an established policy, 
the Board reaffirmed its action taken at the San 
Antonio meeting in 1937 of disapproval of restric- 
tions on incoming shipments of potential carriers 
of a given pest unless similar or parallel restrictions 
are imposed within the state issuing the order. 
A uniform draft of a sweetpotato weevil quarantine 
and eradication measures were approved to be put 
into effect by the various infested states. The states 
agreed to lift quarantines relating to the potato 


tuber moth, Japanese camphor scale, date-palm 
scale, strawberry pests and Colorado potato beetle; 
to revise and standardize quarantines relating to 
citrus canker, European corn borer and alfalfa 
weevil; to adopt in any state where such quaran- 
tine is necessary the standardized regulations re- 
lating to the phony peach and peach mosaic dis- 
eases; and to make further study of the quarantine 
situation with respect to certain other pests. Atten- 
tion was brought to the need of discontinuing the 
dual certification of nursery stock, substituting 
therefor serially numbered certificates from the 
states of origin. 











The first releases of imported parasites 
of the European corn borer, Pyrausta 
nubilalis (Hbn.), were made in the vicin- 
ity of Boston, Mass., in 1920, from ma- 
terial of European origin. These were fol- 
lowed by releases in the lake states area 
beginning in 1924. Since the work was 
started, a practically continuous series of 
releases has been made over the entire 
infested territory, and since 1928 the 
European material has been supple- 
mented by parasites from the Orient. 
CoLLectTING THE Data.—Field obser- 
vations to determine the progress of this 


Field Status of European Corn Borer Parasites 
at the Close of 1936 


W. A. Baker and W. G. Braptey, 
of Entomology and 


’. S. Department of Agriculture, Bureau 
Plant Quarantine 








parasites. At present, however, no practi- 
cable technique has been developed that 
will permit definite interpretations of the 
influence of parasites on European corn 
borer populations on the basis of host- 
population counts. 

Tables 1 and 2 relate to parasitization 
in the overwintering borers of the lake 
states and eastern states areas at the 
localities included in the 1936 fall survey 
program. 

At the 14 selected test points, a total 
of 21 species of foreign parasites have 
been released since the beginning of 


Table 1.—Summary of European corn borer parasites recovered at test points in the lake states 


area in the fall of 1936. 








ForeiGNn Parasites 





Native Parasites 


UNDETERMINED 































LocaLity Borers Lydella stabulans Inareolata Zenillia TotaL 
(Township) OBSERVED var. grisescens punctoria caesar PARASITES 
. Roman ° 
Num- Num- Per Num- Per Num- Per Num- Per Num- Per 
ber ber cent ber cent ber cent ber cent ber cent 
MICHIGAN eo 
Fairfield, Lenawee Co. 592 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
Erie, Monroe Co. 670 638 9.40 rt 0.60 2 0.30 3 0.45 f 72 10.75 
Ouro 
Jerusalem, Lucas Co. 5007 352 7.03 0 0.00 8 0.16 23 0.46 383 7.65 
Perkins, Erie Co 555 5 0.90 0 0.00 0 0.00 0 0.00 5 0.90 
Damascus, Henry Co. 685 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 











work have been conducted concurrently 
with the field releases of the various 
species, and this has been an essential 
feature of the research investigations on 
the European corn borer by the Bureau 
of Entomology and Plant Quarantine of 
the United States Department of Agri- 
culture. 

The accumulated data on the status 
of the parasites pertain principally to 
percentages of parasitization observed at 
the points of release. Such data were ob- 
tained by a section-random sampling 
technique, consisting of field collections 
of borers taken at random from uniform 
sections of the region under observation, 
supplemented by subsequent laboratory 
rearing of the collected borers to provide 
the parasite data. In addition to collecting 
data on the parasitization, considerable 
attention has been given to a study of the 
correlation of fluctuations of host popu- 
lations with the presence or absence of 
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colonization activities in 1920. Of this 
number, five species were recovered in 
1936. Details regarding the status of each 
of these are presented in this paper. 

LYDELLA STABULANS VAR. GRISESCENS R.D. 
—This tachinid, which was introduced 
both from Europe and from the Orient, 
appeared at three of the five test points 
examined in the lake states area and at 
all the points examined at which it had 
been released in the eastern area. 

At Jerusalem Township, Lucas County, 
Ohio, where Lydella has maintained itself 
for a period of seven years, the percentage 
of borers parasitized, within individual 
fields, was unusually high. The percent- 
ages of parasitization in the five highest 
fields were 68.37, 64.36, 62.50, 52.63 and 
26.80, respectively. All recoveries were 
in close proximity to the shore of Lake 
Erie and associated with a marsh environ- 
ment. Natural dispersion at this locality 
is proceeding along the lake front at an 
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average rate of 15 miles per year. There 
has been a continuous increase of parasit- 
ization within the area of observation 
since Lydella first became sufficiently 
numerous to permit parasitization meas- 
urements, and an average of 10 per cent 
was reached in 1936 within a 33 mile 
radius of the original point of release. 
This indicates that equilibrium between 
host and parasite has not yet been 
reached. The parasitization at the colony 
site in Erie Township, Monroe County, 
Mich., indicates that Lydella is well es- 
tablished and maintaining itself in large 
numbers at that point. At Perkins Town- 
ship, Erie County, Ohio, however, it 
appears to have decreased within recent 
years. 

At the older release points in the east- 
ern area, namely Bridgewater, Plymouth 
County, Dighton, Bristol County, and 
Malden, Middlesex County, Mass., Ly- 
della appeared in practically all collec- 
tions. Parasitization as high as 19 per 
cent at Dighton and 13 per cent at Mal- 
den was recorded in individual fields. 
Initial establishment of the species at the 
point in Newark Township, Worcester 
County, Md., was indicated by a 2.78 


per cent parasitization following a lib- 
eration in 1936, 


InargotaTa puNcToRIA Roman.—This 
ichneumonid has been recovered in small 
numbers since 1933 at Erie Township, 
Monroe County, Mich., where releases 
were made in 1926 and 1928. At two 
points in the eastern area, Malden and 
Dighton, Mass., this parasite appeared in 
samples from all fields except one. At 
Malden, the oldest release point in the 
United States, it was the predominating 
parasite. For the area surveyed at this 
point, the average parasitization by this 
species was 12.35 and individual fields 
showed parasitization as high as 33 per 
cent. Following a release in 1936, initial 
establishment of the species was noted 
at Atlantic Township, Monmouth 
County, N. J. 

Cuetonus ANNULIPES WEsM.—In the sur- 
vey at Dighton, Mass., this species was 
recovered from seven sections. It ac- 
counted for 4.37 per cent of the parasiti- 
zation in the entire area, and in one 
section 28.24 per cent of the borers col- 
lected were parasitized by this braconid. 
The presence of this species in numbers 
at the outer limits of the survey, par- 
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ticularly in one section very near the 
perimeter, where a parasitization of 14.94 
per cent was shown, would indicate that 
the limits of the distribution of Chelonus 
annulipes at this point are beyond the 
area that was encompassed in the 1936 
survey. 

Macrocentrus oirvensis Asum.—This 
species was recovered for the first time in 
the United States, unsupported by cur- 
rent releases, at Bridgewater, Mass., in 
1934. Its continued maintenance in cer- 
tain environments was reflected in the 
1936 collections by the appearance of 14 
parasitizations at Bridgewater and 31 at 
Dighton, thereby accounting for parasit- 
izations of 1 and 2 per cent, respectively, 
of the total numbers of borers collected 
from these two localities. The maximum 
parasitizations by this species were 20.48 
per cent, observed in one collection at 
Dighton, and 11.83 per cent in one col- 
lection from Bridgewater. 

CREMASTUS FLAVOORBITALIS CamM.—Two 
specimens of this species were recovered 
in 1936 from the Dighton, Mass., collec- 
tions. This is the first recovery of the 
species at Dighton, and represents a 
parasitization of 2.35 per cent of the 
borers observed in the section from which 
they were taken. Particular significance 
is attached to this record because, on the 
basis of previous observation, it has been 
considered that the species could not 
overwinter successfully in the northern 
states. Initial establishment was accom- 
plished readily at the several points at 
which this species had been released, but 
recovery was not effected at these test 
points in the following season. The cur- 
rent recovery indicates that this species 
is present in the area on a maintenance 
basis, but in numbers too small to be re- 
covered generally by means of the sam- 
pling technique utilized. Cremastus was 
also recovered from Lee Township, Ac- 
comac County, Va., following a release 
of this species of parasites during the same 
season. 

PARASITIZATION AT MALpEN, Mass.— 
This locality has supplied the most 
nearly complete information concerning 
the relationship of host and parasites of 
any of the localities where parasites have 
been released. In the 154 square mile area 
centering at Malden, and including all of 
the points of earlier parasite releases, 
there was a gradual increase of parasitiza- 
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tion in the overwintering borers from 2.79 
per cent in 1927 to 15.16 per cent in 1932, 
table 3. This percentage has been effected 
almost entirely by two species, /nareolata 
punctoria and Lydella stabulans var. 


Table 3.—Annual fall parasitization of the 
European corn borer in the Malden, Mass., area 
from 1927 to 1936. 











— PARASITIZATION Wees PARASITIZATION 
¥ Per Cent ” Per Cent 

1927 2.79 1982 15.16 

1928 5.17 1933 _ 

1929 6.87 1934 14.53 

19380 9.67 1935 16.11 

1931 9.87 1936 14.05 





grisescens, the amount due to each species 
having shifted, however, from a predomi- 
nance of Lydella in the earlier years to a 
predominance of Jnareolata since 1931. 


The European corn borer, Pyrausta 
nubilalis (Hbn.), is now known to be dis- 
tributed in the eastern counties of Wis- 
consin and in that portion of the north- 
eastern states composed of all or parts of 
Indiana, Michigan, Ohio, Pennsylvania, 
New York and New England and extend- 
ing down the Atlantic Coast to include 
New Jersey, southern Delaware, the east- 
ern shore of Maryland and Virginia and 
several counties on the Virginia mainland. 

While intensive scouting to determine 
the exact limits of the area infested by the 
corn borer has not been performed by the 
Bureau of Entomology and Plant Quaran- 
tine in recent years, information accumu- 
lated in cooperation with various states 
shows only a slow spread since 1932. In 
1934, first records of infestation were re- 
ceived from Hamilton County, Ohio, in 
the lake states area, and from the follow- 
ing counties in the eastern states area: 
Cumberland in New Jersey, Sussex in 
Delaware, Somerset in Maryland and 
Northampton in Virginia. In 1935, Brown 
and Calumet Counties in Wisconsin, 
Boone County in Indiana and Salem 


! Extensive cooperation with the several infested states was 
maintained in the accumulation of the field status data. 
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Subsequent to 1931 the parasitization has 
fluctuated but very little around the 15 
per cent level, indicating that this per- 
centage may be considered as representing 
the equilibrium level in the Ma'den area. 
In this same area parasitization of the 
summer, or first generation, borers has 
averaged approximately 30 per cent since 
1928. 

Native Parasites.—Parasitization of 
the corn borer by native parasites has 
continued at a very low level generally 
over the infested area during the entire 
period of field observations. The species 
encountered most frequently has been the 
tachnid Zenillia caesar, and parasitiza- 
tion as high as 28 per cent by this species 
was observed in occasional collections. 
The total combined parasitization result- 
ing from all native species, however, has 
never been more than a fraction of 1 per 
cent.—1-7-38. 






County in New Jersey were recorded for 
the first time as being infested by the corn 
borer. In 1936, initial infestation was re- 
corded from Norfolk, Princess Anne and 
Elizabeth City Counties, Va., and John- 
son County, Ind.; and in 1937, Winnebago 
County, Wis., was added to the area 
known to be infested by the borer. Also 
in 1937, from scouting records provided 
by G. T. French, State Entomologist of 
Virginia, light infestations have been ob- 
served in the counties of York, Glouces- 
ter, Mathews and Northumberland in 
Virginia. 

ABUNDANCE IN Corn.—Comparative 
data on the abundance of the European 
corn borer in corn during 1937 in different 
infested sections were procured in a sur- 
vey conducted from August 16 to October 
1. Slightly more than one-third as exten- 
sive as in 1936, the 1937 survey involved 
the examination of 880 cornfields, taken 
at random on a county or county-group 
basis, within 6 counties in Michigan, 17 
in Ohio, 10 in Indiana, 7 in New York, 
6 in Massachusetts, 2 in Connecticut, 5 
in New Jersey, 1 in Delaware, 2 in Mary- 
land and 2 in Virginia—a total of 58 
counties. 


















June 1938 


Table 1.—Abundance of the European corn 
borer in corn in the fall of 1937 as compared with 
1934, 1935 and 1936. 








Averace NuMBER OF Borers 
. . . : 0 PLANTS 
County or County Group ren 100 PLants 





1934 1935 1936 1937 





LaKe STATES 
Michigan 
Lenawee 
Macomb 
Monroe 
St. Clair 
Washtenaw 
Wayne 


District average 


Ohio 
Defiance 
Fulton 
Hancock 
Henry 
Lucas 
Ottawa 
Paulding 
Putnam 
Sandusky 
Seneca 
Williams 
Wood 
Champaign-Darke-Logan- 
Miami-Shelby 


CH CAMHCUUDOSOD 
eH DIE SCH SEO 


= 
zx 


? 


District average 


Indiana 
Adams-Blackford-Jay-Wells 
Allen-DeKalb-Steuben 
Huntington-Noble-W hitley 


District average 


New York 
Jefferson-Oswego 
Albany-Fulton-Montgomery- 

Schenectady-Schoharie 


District average 


EASTERN STATES 
Massachusetts 
Essex 
Middlesex 
Franklin-Hampden-Hampshire- 
Worcester ‘ . 72.8 


District average ; 5. 84.3 230. 


Connecticut 
Hartford 61.3 . 9 1077. 
New Haven $25. ‘ .7 845. 


District average 


New Jersey 
Monmouth 
Atlantic-Burlington-Ocean 
Middlesex 


District average 
(based on first county and 
county group) 
(based on entire region) 


Delaware 
Sussex 


Maryland 


Wicomico- Worcester 


Viryinia 
Accomac- Northampton 





The Conservation Department of the 
State of Indiana cooperated actively by 
surveying the three county groups (120 
fields) in Indiana. Assistance was given 
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by the Virginia Truck Experiment Sta- 
tion in determining that infestation by 
the European corn borer remained ex- 
tremely light in the counties of Norfolk, 
Princess Anne and Elizabeth City, on 
the Virginia mainland. 

Thoroughly tested field methods, known 
to supply data adequate for comparisons 
between counties and county groups for 
one or more years, were employed. Gen- 
erally, the counties situated in the older 
infested portion of the area were consid- 


Table 2.—Summary of European corn borer 
abundance in corn by states and areas, 1934-37. 








NUMBER OF AVERAGE NUMBER OF 
CountTIEs Borers per 100 PLants* 

or County — = 
Groups 1934 1935 19386 1937 


AREA AND 
STATE 








LAKE STATES 
Michigan 5 ‘ 38. 68. 
Ohio : 8. 42. 65. 
Indiana : 3. 12. 4. 
New York ‘ ‘ 34. 


Total or average 2; 7 WS eit 


EASTERN STATES 
Massachusetts ; .6 5. 3 230. 
Connecticut 961. 
New Jersey .§ 38. f 113. 
Delawaret - 5.8 
Maryland - 9. ll. 


Virginia - : . 73. 


Tota! or average § - 2. 78. 825. 





* All averages based only on comparable counties or county 
groups. 
+t Excluded from area! average 


ered separately and in each a total of 20 
fields taken at random was surveyed. In 
the more lightly infested sections the 
counties were combined in groups of 
from two to five and in each group a total 
of 30 or 40 fields taken at random was sur- 
veyed. The percentage of plant infesta- 
tion was determined by a count of 100 
plants in each field, and the average num- 
ber of borers per infested plant was 
found by a dissection of 10 infested plants 
in each field of a county unit and of 5 
infested plants in each field of a county 
group. 

Information on the abundance of the 
European corn borer in corn during 1937, 
in comparison with that of recent years,’ 
is summarized in tables 1 to 3, figs. 1 and 
2 and in the following discussion. 

2 Records from the Insect Pest Survey Bulletin, Bureau of 
Entomology and Plant Quarantine, U. S. Department of Agri- 


culture, Vol. 15, No. 9, Supplement, 1935, and Vol. 16, No. 9, 
Supplement, 1936. 
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Relative abundance of the European corn borer in 1937 as indicated by the number of borers per 


Fia. 2, 
100 plants. 
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LAKE States (Michigan, Indiana, Ohio, 
and New York).—In the surveyed por- 
tions of Michigan, Indiana and Ohio, 
taken as a whole, the European corn 
borer was as generally distributed and as 
abundant in 1937 as in any previous year 
of record. Within the territory surveyed 
in these states in 1937, comprising 18 
counties and 4 county groups, there were 
9 counties and 3 county groups in which 


Table 3.—Grouping of cornfields surveyed in 
1936 and 1937, in comparable counties, accord- 
ing to their borer populations.* 








Per Cent oF SURVEYED FIELDS 


AVERAGE with INpICcCATED PoPpULATION 


NUMBER OF silat 
Lake States Eastern States 


BorERS PER 
100 PLANTs ~ 


19386 1937 1936 1987 
8 14.8 
4 29.3 
6 8. 

38, 

ll. 
5. 


3. 


0 0 9. 
1-25 0 40. 
26-50 .6 12. 
51-100 9 15.5 
101-200 ‘ 13.4 

201-300 3. 8.3 
301-400 
401-500 
501-600 
601-700 
701-800 
801-900 
901-1000 
1001-2000 
2001-3000 
3001-3200 0. 


Coote ow & Owe ie 

— a) 

el no. 
ee 


cS — —-s 


wos 
z- > 
uc — SS te 
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— 





* The percentages for the lake states are based on 550 fields 
and those for the eastern states on 290 fields, surveyed in each of 
the two years. 


corn borer populations increased signifi- 
cantly from 1936 to 1937, and 9 counties 
and 1 county group in which the abun- 
dance of the insect changed slightly in the 
same two years. Significant decreases were 
absent. 

A definite increase in corn borer abun- 
dance in 1937 over 1936 was shown along 
the southeastern edge of Michigan, where 
the average of 151 borers per 100 plants 
in 1937 exceeded the average of 68 per 
100 plants in 1936. Five of the six coun- 
ties surveyed in Michigan showed a sig- 
nificant increase in borers from 1936 to 
1937 and one had a tendency toward in- 
crease. The highest population was re- 
corded in Monroe County and the great- 
est percentage of increase in Macomb 
County. All of the 120 fields surveyed in 
Michigan in 1937 were infested. 

Two of the county groups surveyed in 
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Indiana showed increases in infestation in 
1937 over 1936, while in the third county 
group the infestation remained practically 
unchanged during these two years. The 
region, as a whole, had about the same 
low population level in 1937 as in 1936, 

In the surveyed portion of northwest- 
ern Ohio the status of the corn borer in 
1937 remained about the same as in 1936. 
A significant increase in population of the 
insect in 1937 over 1936 was found in four 
counties and one county group in Ohio, 
with no appreciable change in the remain- 
ing eight counties. The most pronounced 
increase of the borer in Ohio occurred 
in the Champaign-Darke-Logan-Miami- 
Shelby county group, the southernmost 
section surveyed in 1937, where the aver- 
age number of borers per 100 plants rose 
from 0.6 in 1936 to 18.8 in 1937, with a 
more generally distributed infestation in 
the latter than in the former year. 

Although the fall survey, detailed in 
this discussion, showed that the status of 
the corn borer remained unchanged in 
eight of the Ohio counties lying directly 
to the southwest of the western end of 
Lake Erie, a considerable number of corn- 
fields, particularly in Lucas and Ottawa 
Counties, carried high borer populations. 
Damage to early sweet corn grown near 
Toledo, Ohio, in 1937 reached economic 
importance, with an average of 794 borers 
per 100 plants, according to a survey of 
25 of the earliest fields, conducted August 
5-13, representing a significant increase 
from an average of 469 borers per 100 
plants found in a similar survey in that 
section in 1936. Comparable populations 
in early market sweet corn in this section 
in 1934 and 1935 averaged 268 and 328 
borers per 100 plants, respectively. 

In general, the prevailing weather of 
the 1937 season in the surveyed parts of 
Michigan, Ohio and Indiana was consid- 
ered more favorable to the European corn 
borer than that of any recent year. A wet 
spring delayed the planting of corn in 
many fields, however, and it is probable 
that the consequent lateness of part of 
the crop, complemented in some cases by 
decreased vigor of plant growth in wet 
soils, contributed to a lowered survival 
of the borer in such fields, whereas a more 
favorable environment for the insect in 
the earlier and sturdier corn was condu- 
cive to high borer concentrations. Appar- 
ently the late planting of much of the 
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corn in 1937, together with other unfavor- 
able factors, such as severe rain and wind 
storms in some sections at crucial periods 
of larval establishment, offset the effects 
of a season otherwise favorable to in- 
creased abundance of the corn borer. 

In New York there occurred during 
1937 a decrease in corn borer abundance 
as compared with 1936 in the Jefferson- 
Oswego county group, while approxi- 
mately the same numbers of borers were 
present in the Albany district in 1937 as 
were found during the last survey, made 
in 1935. 

EASTERN States (Massachusetts, Con- 
necticut, New er Delaware, Maryland, 
and V irginia).—Along the Atlantic Coast, 
the European corn borer increased in 
abundance in 1937 over 1936 in a portion 
of eastern Massachusetts, in central Con- 
necticut, in southeastern New Jersey, in 
southern Delaware and on the eastern 
shore of Maryland and Virginia. The only 
exception to an increase or tendency in 
that direction was in western Massachu- 
setts, where a significant decrease in 
borer population in 1937 was shown by 
the survey. 

In Middlesex County, Mass., there oc- 
curred an increase from an average of 
155.8 borers per 100 plants in 1936 to 394 
in 1937, while in Essex County, Mass., no 
significant change in borer population 
took place between the same two years. 
In the county group of Franklin-Hamp- 
den-Hampshire-Worcester, in western 
Massachusetts, the average population of 
216.9 bore we per 100 plants in 1936 de- 
clined to 72.5 in 1937. 

The heaviest borer populations found 
in 1937, or in any other year of survey in 
the United States, occurred in Hartford 
and New Haven Counties, Conn. In the 
former county the average of 538.9 borers 
per 100 plants in 1936 doubled itself to 
1077.2 per 100 plants in 1937, and in the 
latter county the average of 391.7 borers 
per 100 plants in 1936 doubled itself to 
845.5 per 100 plants in 1937. Half of the 
20 cornfields surveyed in Hartford County 
in 1937 averaged more than 1000 borers 
per 100 plants, and 7 out of the 20 fields 
surveyed in New Haven County had 
populations of this size. For the combined 
counties, the proportion of fields with 


more than 1000 borers per 100 plants in- 
creased from 17.5 per cent in 1936 to 
42.5 per cent in 


1937. The maximum 
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number of 3200 borers per 100 plants was 
found in one field in Hartford County. 

In New Jersey the survey showed sig- 
nificant increases in corn borer abundance 
in 1937 over 1936 in Middlesex County 
and in the Atlantic-Burlington-Ocean 
county group, with a strong tendency 
toward significant increase in Monmouth 
County. In the last county the average 
number of borers per 100 plants reached 
157.4, and half of the fields surveyed in it 
had over 100 borers per 100 plants, with 
two fields out of 20, or 10 per cent, ex- 
ceeding 500 borers per 100 plants. 

Corn borer abundance in Sussex 
County, Del., increased from an average 
of 1.1 borers per 100 plants in 1936 to an 
average of 5.9 in 1937, with infestation 
noted in 37 per cent of the fields surveyed 
in 1937 as compared with 10 per cent in 
1936. The maximum population in a single 
field in Delaware in 1937 was 56.6 borers 
per 100 plants. 

In the Wicomico-Worcester county 
group in Maryland, where no borers were 
found during the 1936 survey, there was 
an average of 11.4 borers per 100 plants 
in 1937, 40 per cent of the fields examined 
being infested. The maximum number of 
borers in a single field in Maryland was 
135.5 per 100 plants. 

Increased infestation by the European 
corn borer also appeared in the Accomac- 
Northampton county group in Virginia, 
where the average number of borers per 
100 plants rose from 5.1 in 1936 to 73.1 
in 1937, with the insect present in the 
latter year in all 40 fields surveyed. Over 
100 borers per 100 plants were recorded 
for 12.5 per cent of the fields, with maxi- 
mums of 424 and 372.6 borers per 100 
plants in two of them. 

A conclusive explanation of the general 
increases in corn borer abundance along 
the Atlantic Coast in 1937 is not offered 
at this time. It may be assumed with a 
considerable degree of certainty, how- 
ever, that favorable weather conditions 
at propitious periods of the insect’s de- 
velopment in the field were the influencing 
factors, with emphasis on the absence of 
drought in 1937. In Connecticut the in- 
creased corn borer infestation in 1937 over 
1936 was due principally to an extremely 
heavy deposition of second-generation 
eggs, indicative of moisture and tempera- 
ture conditions in the field favorable 
to the moths during oviposition. Deposi- 
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tion of first-generation eggs and larval 
establishment in both generations, near 
New Haven, Conn., were practically the 
same in 1937 as in 1936. 

ABUNDANCE IN PotaTors.—Supple- 
menting the general fall survey of corn 
borer populations in corn, a survey of in- 
festation by the first generation in pota- 
toes was conducted during the last two 
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were determined as 22.8, 64.0, 48.7 and 
30.1. In 1937 the average number of 
borers per 100 plants in the same region 
was 60. 

Potatoes in central Connecticut and 
west-central Massachusetts had not been 
surveyed previously for corn borer in- 
festation. In the former district the aver- 
age number of borers per 100 plants in 


Table 4.—Summary of data on corn borer infestation in potatoes, Long Island, N. Y., Connecticut, 


and Massachusetts, 1937. 








PeRrioD NUMBER 
District OF OF 

SURVEY FieLDs 
Eastern Long Island, N.Y. July 17-21 25 
Central Connecticut July 22-27 25 
West-Central Massachusetts July 27-31 25 





Per CENT OF 


AveraGe AveraGeE Per Cent FIevLps with 
PER NUMBER OF AVERAGE OF 
Cent or or Borers FIe_ps Over 100 
PLANTS PER 100 INFESTED BorRERS PER 
INFESTED PLANTS BY Borer’ 100 PLANts 
$0.3 60.0 88.0 24.0 
48.4 106.2 88.0 44.0 
23.5 73.5 56.0 20.0 





weeks of July, 1937, on eastern Long Island, 
N. Y., in central Connecticut and in 
west-central Massachusetts. A large part 
of the last two districts lies in the Con- 
necticut River Valley. In each of the 
three districts, 25 fields of potatoes, taken 
at random, were examined according to 
tested survey methods. The data ob- 
tained from these districts are summar- 
ized in table 4. 

Similar surveys of the infestation in 
potatoes had been conducted on eastern 
Long Island from 1932 to 1935, inclusive, 
and the average numbers of borers per 
100 plants for those years, respectively, 


1937 was 106.2, and in the latter, 73.5. 
Although the two fields with the highest 
borer populations (580 and 400 per 100 
plants) were found in Massachusetts, 
there were practically twice as many 
fields with an average of over 100 borers 
per 100 plants in Connecticut as in either 
the Long Island or the Massachusetts 
district. Both on Long Island and in 
Connecticut 88 per cent of the fields 
showed infestation by the corn borer as 
compared with 56 per cent of the fields in 
Massachusetts. The maximum number of 
borers found in a single potato plant in 
1937 was 12.—1-7-38. 


The Literature of American Economic Entomology 


E. P. Fexr, Bartlett Tree Research Laboratories, Stamford, Conn. 


The literature of American economic 
entomology has been written almost en- 
tirely within the past century. Thaddeus 
William Harris was the pioneer. He wrote 
nearly a hundred popular articles on the 
more troublesome or injurious insects of 
his time. These articles appeared for the 
most part in agricultural or local papers. 
His work was summarized in that classic 
known as “Insects Injurious to Vegeta- 
tion.”” He appreciated the importance of 
the strikingly practical written in a style 
easily understood by the men of his time. 


He impressed upon his public the desira- 
bility of a comprehensive volume, a pub- 
lication which was issued in a number of 
editions. He established the fundamentals 
of economic entomology in this country. 
It should be noted that much of this was 
accomplished by the printed word. 
PIONEER LITERATURE.—The same gen- 
eral methods were characteristic of the 
associates and followers of Harris, nota- 
bly Fitch of New York, Walsh and Le 
Baron of Illinois, and Riley of Missouri 
and Washington, and they were char- 
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acteristic of at least the earlier days of 
Riley’s highly gifted associate and suc- 
cessor, Dr. L. O. Howard, a man who has 
had a far reaching and practically il- 
limitable influence upon the develop- 
ment of economic entomology throughout 
the world. 

The significant point in the work of 
these earlier entomologists is the strik- 
ingly practical nature of their writings. 
They were planned for the enlightenment 
of an agricultural population more con- 
cerned with immediate results than with 
scientific theories in relation to the origin 
and development of insect life. 

The American literature of economic 
entomology is much more than a volumi- 
nous record of interesting facts concerning 
a large number of native and introduced 
insects. It is the story of a remarkable 
development made possible by the fact 
that the pioneers built wisely and well. 
This is more readily appreciated after 
reading one or more of the four histories 
of entomology which have appeared in 
recent years. 

The literature of the early days was 
restricted largely to popular articles in 
the current press and to more or less 
voluminous annual reports, the subject 
matter of these latter being determined 
mostly by the developments of each 
season. With the beginning of this cen- 
tury there was a gradual change to de- 
tailed publications, mostly bulletins, on 
individual insects or related groups of in- 
sects with an occasional general summa- 
tion comparable to Harris’ “Insects 
Injurious to Vegetation.” A few years ago 
there was a tendency to minimize the im- 
portance of the popular article. That at- 
titude has been largely corrected in the 
development of extension entomology and 
the preparation of innumerable articles 
for both practical and casual readers. 
Occasionally one of the more striking 
phases of entomology is presented by a 
popular writer in a medium having a large 
national circulation. Such accounts must 
be based on accurate information which 
can be obtained only through research. 
They appeal to the public because of the 
human interest and this latter calls for a 
sense or perception rarely found in the 
investigator. 

Later Pusiications.—Numerous bul- 
letins issued by state and federal agencies 
have made available to the public com- 
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prehensive and in some instances most 
detailed accounts of different insect pests. 
Exhaustive studies of important groups 
have been published, such as the well 
known work, “Mosquitoes of North 
America” by Howard, Dyar and Knab 
with its exquisitely accurate illustrations. 
The latter part of the century of en- 
tomology has witnessed the publication 
of a number of excellent school and col- 
lege texts as well as general works dealing 
with agricultural or other insects. There 
are also the entomological serials un- 
known in the days of Harris, the JouRNAL 
or Economic Entomo.Locy being the 
leader in its particular field. The bibli- 
ographies of American economic en- 
tomology of earlier years and the more 
recent issues of the /nder afford ready and 
essential guides to the multitudinous de- 
tails recorded in our literature. 

SPECIALIZATION IN Recent LITERA- 
TURE.—The extent and diversity of recent 
economic entomological literature — is 
rarely appreciated. That in relation to the 
codling moth graphically illustrates the 
difference between earlier entomological 
activities and those of the present day. 
The earlier articles were concerned largely 
with injury and relatively simple and di- 
rect methods of control. 

A comprehensive summation of our 
knowledge of the codling moth was 
written by the late Mark Vernon Slinger- 
land. It appeared in 1898 as Bulletin 142 
of the Cornell Agricultural Experiment 
Station. It was considered at that time as 
the last word in regard to the pest and 
presumably brought information respect- 
ing the insect to a satisfactory and more 
or less final summation. Five years later 
this pest was discussed in an extended 
bulletin with an exhaustive bibliography 
issued by the Federal Government and in 
the transmittal written by a leading en- 
tomologist is this statement: “The pres- 
ent publication is the final and complete 
report, elaborating all of the conclusions 
and results of this special investigation.” 
There is at least an implication in these 
words that the subject was well and pos- 
sibly conclusively discussed. 

The subsequent literary history of the 
codling moth leads to a totally different 
conclusion. The records of later years 
indicate numerous publications, some ex- 
tensive, on this pest. There was from 1930 
to 1934 an average of nearly 200 articles 
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annually. Furthermore, there have been 
annual conferences on this insect for a 
number of years, one being held in con- 
nection with this series of meetings. At 
the present time, more entomologists 
are studying the codling moth and the 
problems in relation thereto than at any 
earlier period in the history of this in- 
sect. The diversity of the problem is 
indicated by the subheadings in the Index 
for the above mentioned five year pe- 
riod, namely: “Apple Plug,” ‘Attra- 
hents,” “Banding,” “Breeding Cages,” 
“Cost of Control,” “Drop Disposal,” “Egg 
Laying,” “‘Emergence Records,” “Ex- 
periments,” “Flights,” “Hibernation,” 
“Instinct,” and so on down the alphabet 
to “Traps” of various types. Harris ad- 
vised destroying infested fruit and band- 
ing. He was not troubled with arsenical 
residues. 

The entries in the Jndex for the period 
of 1930 to 1934 in relation to insecticides 
further illustrate the complexities con- 
fronting the present day entomologist. 
Some 200 general references are followed 
by others classified under subheads such 
as “Acid Phosphate,” “Advertising,” 
“Aliphatic Thiocyanates,” “‘Anabasine,” 
“Analysis,” “Antidotes,” ‘‘Aphicides,” 
“Argentine Ant Poison,” ‘Arsenates,” 
“Arsenic,” “‘Arsenicals,” with subhead- 
ings on “Substitutes” and “Toxicity,” 
“Arsenious Oxides,” and through a con- 
siderable series of other listings to “Zinc 
Sulphide.” Specialization in the study of 
injurious insects and methods of control 
is evidently walking hand in hand with 
specialization in the study of insecticides 
and their possibilities. The entomologist 
of today needs to be something of a 
chemist or at least be where he may profit 
by the guidance of an authority on the 
chemistry of insecticides. 

The field of the economic entomologist 
has broadened greatly in the last fifty 
years and at the present includes insects 
which may injure man either by annoying 
him or by inoculating him with serious 
or deadly infections. The extent of this 
phase of entomology is indicated by some 
100 different references in the above 
mentioned Index to ““Malaria”’ during a 
five year period, while the general subject 
of ““Mosquitoes,”’ their “Control” and the 
“Diseases They Disseminate’ requires 
nearly 600 additional citations. Further- 
more, there is an extensive and constantly 
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increasing literature on the insects affect- 
ing domestic animals. There is also a con- 
siderable literature developing in relation 
to the insects affecting forest and shade 
trees. None of these was given more than 
passing consideration in the earlier days. 

Biological control is another phase of 
entomology which has been given much 
attention in the last forty years or there- 
abouts in connection with the extensive 
depredations of a number of introduced 
pests. The work on natural enemies of the 
gypsy moth, the Japanese beetle and the 
European corn borer has been concerned 
primarily with the introduction and 
establishment of parasites, and, in the 
sase of the oriental fruit moth in particu- 
lar, several states are propagating and 
disseminating parasites. The European 
corn borer has provoked exhaustive stud- 
ies of the possibilities of mechanical con- 
trol, really an intensive form of clean cul- 
ture, as well as a study of parasites. The 
above are only a few illustrations of the 
present day specialization in the field of 
economic entomology. 

Types or Pusiications.—The form of 
publication and nature of the contents are 
of great importance, since they deter- 
mine in considerable measure the appeal 
to the average man and consequently its 
value, since an unread publication is a 
total loss. It is obvious that the average 
individual is not particularly interested in 
the extensive and general entomological 
records of earlier years. These are pri- 
marily of interest to entomologists, and 
their place is being taken to some extent 
at least by federal and state bulletins. 
Tue JouRNAL oF Economic ENTOMOLOGY 
and to a lesser extent The Annals of the 
Entomological Society of America dis- 
seminate much technical information to 
entomologists. The extremely valuable 
technical, and sometimes extended, bulle- 
tins dealing with insect biology and 
control, particularly biological control, 
also should be limited in their distribution 
to professional workers. 

There has been during recent years in- 
creasing attention to brief, popular no- 
tices in regard to insects and their control. 
This is practically the type of information 
which was the foundation of the work of 
the earlier entomologists. There is a call 
for the same type of information now 
except that it must be brought down to 
date and presented in a form which ap- 
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peals to the man of today. Such literature 
appears now, as in former years, in cur- 
rent publications, that relating to farm 
pests being largely in the agricultural 
press. Both federal and state agencies 
appreciate the importance of popular or 
semipopular publications such as circulars 
or leaflets, extension bulletins, extension 
circulars, information cards, and even 
mimeographed or manifold leaflets. These 
publications are more or less ephemeral in 
nature. 

There is a decided advantage in dis- 
tributing printed information, since ver- 
bal statements or hurried notes are 
frequently unreliable. The radio message 
is an excellent supplement. It is possible 
that facsimile transcription of brief mes- 
sages, a process now in its early stages, 
may become as easily available as the 
radio message and prove a major aid to 
extension entomology. 

Attractiveness in both language and 
appearance adds greatly to the value of 
economic literature. One of the most 
satisfactory publications from this aspect 
is the series of leaflets entitled ““Common 
Insect Pests of New York State’; nos. 1 
to 13 have appeared to date. These are 
comprehensive, non-technical, four page 
circulars, each dealing with one of the 
more important insects and carrying on 
the first page a colored illustration of the 
insect in its various stages and its work, 
thus giving the reader at a glance a defi- 
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nite idea of the story presented in the 
leaflet. Another recent and noteworthy 
publication in this respect is that just 
issued by the Nassau County Extermina- 
tion Commission entitled “‘Mosquitoes, 
Their Life History and Control.” It con- 
sists of a series of well illustrated accounts 
dealing with the various phases of mos- 
quito control in a suburban area. 

Economic entomology has need for all 
types of literature. Its value depends 
largely upon the accuracy of the record 
and the method of presentation. The lat- 
ter is determined in large measure by the 
needs of those to whom it is directed. The 
aim is to meet a definite need. 

The literature of American economic 
entomology is much more than a long 
series of records concerning insects and 
their activities. It is in addition a history 
of the development of this phase of 
science and as such is worthy of careful 
study. It represents in large measure the 
ambitions of hundreds who have devoted 
their lives to a study of insects in the 
hopes of rendering material aid to their 
fellow men. The best evidence of their 
success is found in the more general ap- 
preciation of the possibilities of economic 
entomology as evidenced by marked 
changes in the methods of agriculture, 
horticulture and medicine and by a cor- 
responding expansion of personnel and 
resources for both research and instruc- 
tion.—1-7-38. 


Codling Moth Oviposition and Temperature’ 


Dwicut Isey,? University of Arkansas, Fayetteville 


Timing of spraying operations for 
control of codling moth, Carpocapsa 
pomonella L., usually is regarded as 
dependent upon a knowledge of the time 
eggs are deposited. For this reason moths 
are reared in large numbers, or the time 
of their occurrence is determined by bait- 
trap collections. However, the abundance 
of moths is not in itself an altogether 
dependable indication of an ensuing 
abundance of eggs, since if unfavorable 
climatic conditions occur there will be 


1 Research Paper No. 489, Journal Series, University of 
Arkansas. 

2 The writer was assisted in the rearing work by E. L. Gilliland 
and W. D. Wylie in 1936, and by J. O. Dockins and Garvin 
Green in 1937. 


little or no reproduction. Hitherto, most 
attention has been directed toward the 
beginning of emergence of moths of the 
spring brood and of the summer broods, 
and the peak of emergence of the spring 
brood. It has been assumed that, after 
oviposition has once started, it will con- 
tinue until the end of the season. In most 
seasons, however, there are periods of at 
least a few days which are unfavorable to 
it. General tendencies are readily ob- 
served in the field, but short deviations 
may escape notice without cage records. 

This paper deals chiefly with the effect 
of mean daily temperatures upon oviposi- 
tion of the codling moth. Most of the 
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records relate to oviposition by moths of 
the summer broods in 1936 and 1937. To 
add to the temperature scale and for 
comparison, oviposition records for the 
overwintered brood of 1937 are included. 
The work reported was carried on in the 
apple area of northwestern Arkansas at 
Fayetteville. 

EXPERIMENTAL ProcepuRE.— Each fe- 
male used in these records was isolated in 
a battery jar cage on the day of emer- 
gence. As a rule, to increase the chance 
for fertilization, two males were placed 
with each female. The moths were fed 
very dilute honey from 2-dram homeo- 
pathic vials through a small piece of 
sponge, which served as a wick, stuffed 
into the mouth of the vial. This kept the 
sponge moist at all times. A circular piece 
of blue paper was fitted in the bottom of 
each cage, which, because of contrasting 
color, facilitated the counting of eggs 
deposited there. After oviposition began, 
the moths were transferred to new cages 
each morning and the eggs were counted. 
No apple foliage was placed in the cages 
nor was any other attempt made to 
simulate natural conditions, since pre- 
vious trial had shown no advantage in 
doing so. About two-thirds of the females 
in these cages deposited eggs when tem- 
peratures were favorable. Moths which 
failed to oviposit where discarded and 
were not included in the averages. 

Dairy Oviposition.—Individual vari- 
ation in oviposition among moths was 
very great. This may have been due to 
differences in evening temperatures, to 
extremely high temperatures for a few 
hours, to unfavorable conditions during 
the larval life of the insects, or to other 
conditions. These possible sources of error 
are recognized, but in this paper only the 
effect of mean temperature is considered. 

An increase in temperature tends to 
increase the daily oviposition of the cod- 
ling moth under the climatic conditions 
which usually prevail in northwestern 
Arkansas. In a way, this is readily sup- 
ported by field observations, for usually 
the years of relatively high temperatures 
have been the years of heavy infestation. 
While oviposition may be expected to 
decline when the optimum temperature 
is passed, during most seasons the daily 
mean temperature seldom rises above the 
optimum for enough days in succession 
to produce results that would attract 
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attention in the field. For instance, the 
daily mean temperature for July, the 
hottest month of the year at Fayetteville, 
based on 50 years of-records, is 25.78 
degrees C. (78.4 degrees F.). 

The most favorable mean daily temper- 
ature for oviposition, according to cage 
records, during 1936 and 1937 was 27 
degrees C. (80.6 degrees F.). As the daily 
mean rose above this point or fell below 
it, the average number of eggs deposited 
by each moth declined gradually until the 
temperatures became excessively high or 
low, after which the decline was rapid. 
The average number of eggs deposited on 
days when the mean temperature was 
27 degrees C. was 19.22. Frequently 
individual daily records were over 100 
eggs to one moth. When the temperature 
rises above optimum, the rate of oviposi- 
tion of some moths actually may be 
increased, although the lives of those 
moths is shortened. A summary of the 
records of daily oviposition at tempera- 
tures of from 18 degrees to 33 degrees C. 
is shown in table 1. 


Table 1.—Carpocapsa pomonella.—Daily ovi- 
position at mean temperatures ranging from 21 
degrees to 33 degrees C., Fayetteville, Ark., 
1936 and 1937. 








Mean Daly NUMBER AVERAGE Num- 
TEMPERATURE or FEMALE BER OF Ecos 
In Decrees C. Morus DeposItED 

21 104 8.45 

22 128 6.74 

23 240 10.66 

24 308 13.84 

25 301 16.09 

26 522 17.12 

a7 259 19.22 

28 279 17.39 

29 189 14.41 

30 117 16.40 

$l 114 14.54 

$2 67 11.27 

33 12 7.00 





Excessively high temperatures repress 
reproduction. The reduction in codling 
moth infestation was evident in orchards 
in 1934 and again in 1936, when a heavy 
“worm” population in mid-July faded 
rapidly with the advance of the season 
and was almost negligible in late August. 
This was easily observed by the decline 
in infestation of the fruit. It was shown 
later by decline in number of worms 
collected in bands, and was followed in 
about two weeks by a similar decline in 
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numbers of moths collected in bait-traps. 

The repressive effect of high tempera- 
tures is not so evident, however, in 
averages of oviposition shown in table 1, 
as it was in the field, because a few moths 
in the cages deposited large numbers of 
eggs at high temperatures. The most 
important effect of high temperature was 
in stopping the oviposition of most moths 
altogether, and not in the gradual reduc- 
tion of the number of eggs from those 
moths that continued to deposit them. 
For example, the highest number of eggs 
deposited by a single moth on one day was 
142, when the mean temperature was 
30 degrees C. However, this was the only 
moth among those under observation to 
deposit eggs that day. The failure of 
moths to deposit eggs does not appear in 
the average daily oviposition, shown in 
this table. 

Heat waves for even a few days tend to 
prevent newly emerged moths from ever 
depositing eggs. During a period of 30 
days between June 23 and July 22, 1937, 
the temperatures were very favorable to 
the codling moth on all but two days. 
However, on those two days, July 4 and 
5, a short heat wave occurred. Of the 
moths that emerged during the entire 30 
days, 142 females were isolated in cages 
with males. Approximately two-thirds of 
them (65.42 per cent) deposited eggs. Of 
the moths that emerged during the two- 
day heat wave, only 18.18 per cent 
deposited eggs. The excessive tempera- 
ture apparently had an inhibiting effect 
on the fecundity of the moths which 
transformed on the succeeding day. If 
moths from these three days are excluded 
from the averages, those which deposited 
eggs exceeded 71 per cent. 

Duration oF Oviposition Pertop.— 
Possibly the most important effect of 
excessively high temperatures was that 
eggs deposited by moths which, as 
larvae and pupae, had been exposed to 
excessive temperatures tended to be 
sterile. 

Temperatures too low to be favorable 
to high daily oviposition reduced the 
daily activity of the moths, which re- 
sulted in lengthening the reproductive 
period. During the cool weather which 
prevailed during much of the life of adults 
of the overwintered brood, egg laying 
was intermittent and often was inter- 


rupted for periods of days. The effect of 
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low temperature was to reduce the daily 
rate of oviposition, although this was 
offset in part by prolonging the oviposi- 
tion period. It also affected the regularity 
of oviposition as is shown by the low 
percentage of females that had com- 
pleted their preoviposition period and 
which deposited eggs on days when low 
temperatures prevailed. In the field this 
delay of oviposition is probably injurious 
to the species, because it increases the 
chance of moths being killed before their 
period of reproduction is completed. 

Near the end of the season when there 
was intermittent cool weather during 
which little oviposition occurred, the 
number of eggs deposited on warm days 
was proportionately higher than the num- 
ber deposited when the temperature was 
continuously high enough for regular 
oviposition. 

The number of eggs deposited by moths 
of the summer broods was higher at the 
same temperatures than the number of 
eggs deposited by moths of the spring 
brood. Furthermore, moths of the sum- 
mer brood which matured early in July 
deposited more eggs on the average than 
moths maturing later, when the daily 
temperatures were the same. There ap- 
peared to be a tendency for the number 
of eggs deposited at a given temperature 
to decline until near the end of the 
season. 

The temperature most favorable to 
daily oviposition is not the temperature 
favorable to the greatest total oviposition. 
Increasing temperature does not neces- 
sarily increase the total number of eggs 
deposited during the entire life of a moth. 
This temperature accelerates the repro- 
ductive activity of the moth while it 
lives, but this activity shortens its life. 
According to records of 439 moths, the 
oviposition period was longest when the 
mean temperature for the entire period 
was 23 degrees C., and tended to decline 
as the mean temperature rose or fell. As 
the temperature rose about 28 degrees C., 
the mean period shortened rapidly, and 
at 32 degrees C., or above, it averaged 
less than two days. A summary of these 
records is shown in table 2. 

Tora Oviposition.—The largest total 
number of eggs was deposited by moths 
when the mean temperature for the en- 
tire oviposition period was 25 degrees C. 
According to records for both seasons, 
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based on complete oviposition records, 
an average of 146 eggs was deposited 
when the mean temperature for the en- 
tire oviposition period was 25 degrees C. 
During 1937 the average for 57 moths at 
25 degrees C. was 157.90 eggs. The high- 
est total record of eggs deposited by a 
single moth was 345. These data are sum- 
marized in table 3. They show the adapt- 
ability of the codling moth and its ability 
to reproduce under a wide range of tem- 
perature conditions. 


Table 2.—Carpocapsa pomonella.—Duration 
of oviposition period at mean temperatures 
ranging from 21 degrees to 33 degrees C., Fay- 
etteville, Ark., 1936 and 1937. 





MEAN 


Mean Dalry 


NUMBER 

TEMPERATURE or FEMALE OVIPOSITION 
IN Decrees C. Morus Pertop tn Days 

21 11 11.27 

22 24 12.00 

23 14 13.36 

24 41 7.66 

25 64 8.48 

26 39 7.95 

27 56 7.43 

28 72 8.438 

29 35 5.51 

30 39 5.10 

$l 32 +. 94 

82 6 1.50 

338 6 1. 





The mean oviposition period of moths 
of the summer brood in 1937 was approxi- 
mately a week, but occasionally it was 
much longer and in a single instance ex- 
tended to 20 days. Over one-fifth of the 
eggs (21.16 per cent) was deposited on the 
first day of oviposition and the numbers 
tended to decline as the period became 
more extended. Over 90 per cent of the 
eggs was deposited during the first seven 
days. 

The oviposition period of the over- 
wintered brood, which was on the wing in 
May and June when the temperatures 
were lower, was proportionately longer. 
Slightly less than one-sixth of the eggs 
(15.95 per cent) was deposited the first 
day and 12 days passed before 90 per cent 
of the eggs was deposited. 

The preoviposition period of 51 moths 


Tue Srates of Utah and Washington have re- 
cently placed standardized quarantines relating to 
the peach mosaic disease. 


IseLy: Coptinc Moru Oviposition AND TEMPERATURE 


359 


Table 3.—Carpocapsa pomonella.—Total ovi- 
position of moths at mean temperatures for en- 
tire period ranging from 21 degrees to 33 de- 
grees C., Fayetteville, Ark., 1936 and 1937. 








TEMPERA- Tora. Tora. AVERAGE 
ATURE NuMBER OF NUMBER OF OVIPOSITION 
IN De- FEMALE OF ror Tora. 

GREEs C, Morus Eaas Periop 

21 11 1199 109 .00 
22 24 2078 86.58 
23 20 1969 98.45 
24 46 5607 121.89 
25 67 9782 146.00 
26 42 5304 126.29 
27 60 6958 115.97 
28 73 8406 115.15 
29 37 2678 72.38 
80 39 19638 50.59 
$1 $2 1958 61.19 
32 6 137 22.83 
33 6 72 7.00 





of the overwintered brood in 1937 aver- 
aged 5.47 days. For the 192 moths of the 
summer broods of the same year the 
average was 3.18 days. 

SuMMARY.—An increase in tempera- 
ture, under usual climatic conditions in 
northwestern Arkansas, tends to increase 
the daily oviposition of the codling moth. 
The optimum temperature for oviposition 
appears to be 27 degrees C. Excessively 
high temperatures tend to reduce the 
average number of eggs deposited by 
moths which continue ovipositing, and 
abruptly terminates the oviposition peri- 
od of others. It may also produce sterility 
of the eggs deposited. The effect of short 
periods of excessive temperature may not 
be noticed in the field. Low temperatures 
retard daily oviposition but prolong the 
oviposition period of the moths. Low 
temperatures also cause irregular daily 
oviposition. The largest total number of 
eggs was deposited by moths when the 
mean temperature of the oviposition 
period was 25 degrees C. During mid- 
summer, over 90 per cent of the eggs is 
deposited during the first seven days of 
the oviposition period; in spring the same 
per cent of oviposition requires 12 days. 
This information may not be useful in 
planning a summer spraying schedule but 
should be useful in interpreting results in 
experimental work.—1-7-38. 


EXPERIMENT Stations of Illinois, Indiana and Ken- 
tucky, and the Illinois Natural History Survey spon- 
sor weekly radio bulletins on insect movements. 











The Kind of Radiation Most Attractive to the Codling Moth: 
A Progress Report 


G. Epwarp Marsnatt and T. E. Hrenton,' Agricultural Experiment Station, 
Purdue University, Lafayette, Ind. 


Studies made in 1931 and 1982 dis- 
closed that blue was one of the most at- 
tractive colors to the codling moth. 
Subsequent investigations were carried 
on to find the kind of radiation most 
attractive to the codling moth. In 1933, 
notable results were obtained in catches 
made by the use of a dozen light traps,? 
and it was during the fall of that year that 
the largest catches of codling moths were 
made. In that year more than 200 moths 
were taken in one night from one trap. 
During the same night, light traps in 
eight trees made a catch of more than 
500 moths. At harvest the same year and 
in the same orchard, the apple crop was 
a failure. However, a study of the cost of 
operating the lamps and traps was suf- 
ficiently interesting to warrant further 
and more detailed investigations in this 
field. 

Cost or KituinG Copiinc Morsu Wit 
Licuts.—The true value of the measure 
could have been ascertained only if light 
traps had been used over the entire plant- 
ing and the losses of fruit chargeable to 
the codling moth had been added to the 
installation and operation costs. It is 
probable that in years when the infesta- 
tion is light, and consequently the traps 
catch fewer moths, the losses of fruit 
would be less and fewer dollars worth of 
apples would have to be charged to the in- 
efficiency of light traps. Under such con- 
ditions light traps would pay bigger divi- 
dends than was the case in 1933. In 
years of light infestations the cost of 
killing 100 moths by electrocution would 
be many times greater than in heavy 
population years such as 1933. Even then 
it is probable that light traps would more 
nearly pay their own way. 

The cost of producing a bushel of ap- 
ples should be considered in a study of 
this kind. It was determined (Troth & 
Marshall 1935) during an eight-year 

! The writers wish to express their gratitude to L. C. Porter 
and J. P. Ditchman of the General Electric Company, Nela 
Park, Cleveland, Ohio, for furnishing a great del of special 
equipment used in these tests. 

? Where the term light trap is used in this paper, it refers to an 


electrocutor type trap with an electric lamp which is used as the 
attrahent. 


period that this cost is 77.5 cents per 
bushel in the older orchards and in areas 
where the codling moth may produce a 
partial third brood. These figures apply 
fairly well to the southern half of the 
apple producing belt of the entire Central 
West. That portion of the total per bush- 
el cost, chargeable to the codling moth 
alone, is 33.47 cents, or 43.04 per cent of 
the total cost of producing a bushel of 
apples. 

Such figures warrant the exhaustive 
study of any control practice of greater 
economy or efficiency that offers promise. 
To find a dependable, effective, nonspray 
control for this insect would be to elimi- 
nate a major hazard in apple production. 
Thus, if the moth population in an or- 
chard could be reduced through the use 
of light traps to insure (a) a commercially 
clean crop (not more than 15 per cent in- 
jured by the codling moth); (b) the elimi- 
nation of washing the fruit and much of 
the grading expense; (c) the increase of 
the tree vigor that would result in annual 
bearing instead of a crop every other year; 
then much of the losses in orcharding 
could be averted, the outlook would be 
brighter and many growers who face 
business failure might continue in pro- 
duction. 

EXTENT oF Controu BY Licut Traps. 
—By the use of 1000-hour, 100-watt 
Mazda C lamps in light traps in a 4.5 acre 
orchard area, the reduction of the codling 
moth attack was found to be about 50 
per cent after a two-year test had been 
conducted by the United States Depart- 
ment of Agriculture. Parrott & Collins 
(1935) of New York found that light traps 
were about as effective as two sprays un- 
der New York conditions. 

It is considered that commercial con- 
trol of the codling moth is not attained if 
more than 15 per cent of the fruit is af- 
fected by this insect. It would seem, 
therefore, that there remains the prob- 
lem of increasing the effectiveness of light 
traps by finding a more attractive lure, 
inasmuch as the best position in the tree 
for traps, the best time to operate them 
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and the periods of heaviest flights have 
been determined. 

Light traps placed in a packing house 
during the time moths emerge has long 
since demonstrated the economy of this 
method of preventing the insect from 
returning to the orchard to lay its eggs. 
This is especially true if the building is 
screened. During the studies which deter- 
mined this point, 15,579 moths emerged 
and were destroyed in one day by placing 
a light trap on each floor of a two story 
packing house. With the exercise of mod- 
erate care in darkening the building so 
that a lamp would attract during the 
day as well as at night, all except 1.32 
per cent of the moths that emerged were 
attracted and destroyed. 

The annual destruction of all the moths 
from the packing houses alone would 
have prevented many growers in past 
years from being forced out of business. 
It has been suggested to apple producers 
that one or more light traps in the or- 
chard around the packing house, or other 
farm buildings where apples have been 
stored, is an excellent means by which 
the daily flight activities of this insect 
may be determined as an aid in the tim- 
ing of sprays, thinning the fruit and tim- 
ing other orchard operations which are 
determined by moth flight. 

THe 1937 Fietp Work.—The results 
of investigations made prior to 1937 
have been published elsewhere (Marshall 
& Hienton 1935a; Marshall & Hienton 
1935b). During the past season both field 
and laboratory studies were conducted. 
In the field work, four different intensi- 
ties of light were used in a triplicated 
set-up and a similar study was conducted 
in the laboratory. Table 1 summarizes the 
results and shows that an increase in ef- 
ficiency was obtained by increasing the 
light intensity. This work was outlined 


Table 1.—Field catch of codling moths with 
100-watt Mazda C lamps. 








25- 100- 500- 1000- 
Catcu Hour Hour Hour Hovr 
Lamp Lamp LAMP Lamp 

Total catch 685 509 392 466 
Pertrapperday 3.10 2.30 1.77 2.11 





after it had been learned that Photoflood 
lamps were very attractive to the moths. 
Such lamps are short lived and expensive 
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and for this reason an attempt was made 
to reduce the lamp cost and yet approach 
its lumen output. The regular 1000-hour, 
100-watt Mazda C inside-frosted lamps 
were used with others in which the life of 
the lamp was shortened to 25, 100 and 
500 hours respectively. This reduction in 





Outside view of lure chamber used in study- 
ing the attractiveness of different types of radiation 
to codling moth. 


Fig. 1. 


life changed the spectral distributions to 
those shown in tables 3 and 4. It will be 
noted that the amount of radiation in the 
blue and violet was greater for the shorter 
lived lamps. 

These figures in the tables emphasize 
the evidence already obtained that in- 
trinsic brilliance and color from blue and 
violet to shorter wave lengths are very 
attractive. The tests with the General 
Electric H-3 lamp enclosed in an A-21 
Corex D glass bulb also demonstrate this 
point. The H-3 is a high pressure 85-watt 
mercury arc lamp which radiates 10 times 
as much ultraviolet as the G-5 lamp. 
When the catches for the 1000-hour 
lamp are compared with those from the 
25-hour one, it is found that the lamp of 
short life attracted 33 per cent more 
moths in the field. From the table of 
radient intensities, it will be seen that as 
the life of the lamp is shortened more 
radiation is created in the violet and blue 
region of the spectrum and also in the 
near ultraviolet. 

Tue 1937 Lasoratory Work.—In the 
laboratory, a lure chamber 10 by 10 by 
4 feet was constructed for the tests and 
was painted mat black on the inside, fig. 
1. In the center of each side was an open- 
ing 6 inches square through which was 
admitted the radiation to be tested. Be- 
low each 6 inch opening in the wall, a slide 
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Table 2.—Comparisons of the attractiveness of some lamps to the codling moth. 








— Lamps Usep anp Morus Kitiep py Eacu 


Test Fruver' Box ( ANpLes MOTHS ---——— — 
No. Usep No. _-_—- Usxp Moths Moths . Moths Moths 
Use Box | Trapped Box ¢ Trapped Bex 8 Trapped Box 4 Trapped 
1 Corer D l 172.5 137 G-5 123 250-W. CX 0 No. 3 7 100-W, C 7 
2 277.0 Photoflood 
3 206.7 
4 248.0 
2 Corer D 1 430.0 $1 G-5 28 G-5 18 
Lead glass 2 430.0 
3S Lead glass 1 330.0 54 =69250-W.CX 2% 250-W.CX 28 
Corez D 2 330.0 
4 Lead glass 1 330.0 57 G-5 17 G-5 8 H-3 7 H-3 Spee. 25 
Corez D 2 330.0 
3 $30.0 
4 330.0 
5 Corer D 1 1280.0 71 250-W. CX 49 250-W. CX 5 250-W. CX 9 250-W. CX 8 
2 160.0 
$ $20.0 
‘ 640.0 
6 Corer D 1 1280.0 0 8 250-W. CX 18 250-W. CX 22 
Lead glass 2 1280.0 
9 Corer D 1 200.0 119 H-3 38 H-3 Spee. 56 
10 Corer D 3 300.0 62 250-W. CX 26 250-W, CX 29 
Lead glass ‘ 300.0 
14 Corer D l 150.0 166 1000-hr. 24 100-hr. 42 25-hr. 68 500-hr 14 
2 150.0 100-W 100-W, 100-W. 100-W, 
3 150.0 
‘ 150.0 
15 Corer D all 150.0 78 500-hr. 10 25-hr. 23 1000-hr. 12 100-hr. 11 
100-W. 100-W. 100-W. 100-W. 
16 Corer D all 150.0 102 100-hr. 29 1000-hr. 14 500-hr 15 25-hr. 44 
100-W. 100-W. 100-W. 100-W. 
17 Corer D all 150.0 St 25-hr. 34 500-hr. 6 100-hr. 30 1000-hr. 4 
100-W. 100-W. 100-W. 100-W. 
18 Corer D 1 1.1 93 25-hr. 1 Robin's egg blue 0 Dark blue 91 1000-hr. 1 
2 2.0 100-W. 100-W. 200-W. 100-W. 
3 1.0 
‘ 1.4 
19 Corer D 1 1.1 106 25-hr 0 Robin's egg blue 1 Dark blue 105 1000-hr. 0 
2 2.0 100-W, 100-W. 200-W. 100-W 
; 1.0 
4 1.4 
20 Corer D l 160 98 250-W. CX 1 250-W. CX 71 250-W. CX 20 250-W. CX 2 
4 1280 
3 640 
4 $20 
21 Corer D l 640 129 250-W. CY 33 250-W. CX 2 250-W. CX 40 250-W. CY l 
2 320 
3 1280 
‘ 160 
22 Corer D I $20 123 -250-W. CX ) 250-W. CX 12 250-W. CX 2 250-W. OX 88 
2 640 
3 160 
‘ 1280 
23 Corer D all 320 1387 250-W. CX 43 250-W. CX 12 250-W. CX 51 250-W. CX 7 
24 Corer D all 320 101 250-W. CX 43 250-W. CX 3 250-W. CX ~ 250-W. CX $5 
25 Corer D all 320 73 46. 250-W. CX 3 250-W.CX 37 250-W. CX 3 250-W. CX 23 
26 Corer D all 320 175 250-W. CX 4 250-W CA 42 250-W. CX 38 250-W. OX 7 
27 ~=Lead glass l 150 8S G-5 53 G-5 29 
Corez D 2 150 
28 Lead glass 1 150 120 G-5 75 G-5 29 
Corez D 2 150 
29 Corer D 1 150 102 G-5 56 G-5 29 
Lead glass 2 150 
30 Corer D 1 300 97 H-3 Spee 51 H-3 Spee. 28 
Lead glass 2 3800 
; 
q 
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Table 2 (Continued) 
a Lames Usep anp Morus Kiiiep sy Eacu 
est Fitter Box Coma ome ‘ 
No Usep No. rn IsED Moths Moths P Moths Moths 
Usp Box | Trapped Box 2 Trapped Box 3 Trapped Box 4 Trapped 
31 Lead glass 1 800 $8 H-32 S pec 16 H-3 S pec. 26 
Corex D 2 300 
2 Corer D all 2 78 H-3 Spee 13 G 14 Dark blue 37 Fluorescent 3 
200-W. tube 
3 Corer D all 2 56 G 19 H-3 Spec. 7 Fluorescent 0 Dark blue 22 
tube 200-W. 
44 «(Corer D all 2 66 G-5 17 H-3 Spee. 10 Fluorescent 2 Dark blue 33 
tube 200-W. 
‘56 Lead glass 8 250 78 H-3 S pec. 25 H-32 S pee. 50 
Corex D 4 250 
‘60 Corer D 3 250 $9 H-3 Spee. 26 H-3 Spee. 18 
Lead glass 4 250 





door was cut in the floor; by opening these 
doors, the dead moths could be counted. 
The slide doors were opened after the 
moths had been attracted to the radiant 
sourees and had flown against charged 
wires placed in front of the openings emit- 


ting the light. A current of constant 
voltage with controlled identical and 


measured lamp output in foot-candles 
was used in these tests. Also employed 
were newly emerged moths, a pre-deter- 
mined spectra distribution of the lamps 
used and lights from which certain spec- 
tral bands were eliminated. During each 
test, the voltage was maintained at ex- 
actly 115 by means of a rheostat. 

Several different filters were used; the 
lead glass screened out all the ultra-violet 
and the Corer D permitted the ultra- 
violet to be radiated into the lure cham- 
her. Also used were red, red purple, ultra 
and purple Corex 1 filters. The lamps used 
had glass bulbs which in some cases restric- 
ted or emitted certain wave bands. An il- 
luminometer was employed to measure 
the foot-candle output from each lamp. 
The radiant energy was admitted into the 
lure chamber through a diffusion plate and 
the amount of radiation admitted could 
he controlled in two ways: (a) by increas- 
ing or decreasing the distance of the lamp 
from the plate; (b) by reducing or in- 
creasing the opening in the iris diaphragm 
set between the lamp and the plate, fig. 2. 
By these methods the same number of 
foot-candles from each lamp tested could 
he thrown on the plate, or the size of the 
luminous area could be varied as much as 
desired. 

The codling moths used were obtained 
hy picking wormy apples from the trees 


early in the summer and placing the 
apples in a screened enclosure, in which 
the moths emerged. All the newly 
emerged moths were collected each day 
by the use of a modified vacuum cleaner. 





Equipment used to control amount of light 
admitted to lure chamber. 


Fig. 2. 


Resutts or Lasnoratory Work.—In 
table 2 are recorded the results of some of 
the tests that were run in the laboratory. 
By means of test 1 and others which were 
similar, it was hoped that a rather definite 
idea as to the color value or approximate 
wave length of radiant energy most at- 
tractive to the moth could be obtained. 
It may be seen that although the radia- 
tion was least intense on the plate in 
which there was a G-5 lamp, box 1, test 1, 
by far the greatest number of moths was 
attracted to it. By referring to table 3, 
it will be seen that the G-5 lamp is much 
richer than most of the others in near, 
middle and far ultra-violet and also in 
part of the violet range of the spectrum. 
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Table 3.—Radiant intensities of some lamps used in tests,* microwatts per cm’ at 1 meter distance. 











— Wave Lenetn 250-W. H-3 100-W. 100-W. 100-W. 100-W. G-5 
ae (A) CX Special 750-Hr. 500-Hr. 100-Hr. 25-Hr. 
24838 0.12 
Far 2537 0.07 0.004 
ultra- 2576 
violet 2652 0.0002 0.83 0.02 
2699 0.0009 0.58 
2753 0.002 0.68 
Middle 2804 0.0045 1.19 0.02 
alten. 2894 0.0115 1.51 0.17 
riolet 2925 0.015 1.02 0.02 
— 2967 0.020 4.3 0.42 
3022 0.028 5.1 0.26 
~— 3129 0.051 13.2 2.4 
tcl 3341 3.2 0.24 
violet 3500 0.16 0.030 0.033 0.052 0.071 
3650— 36638 25.7 3.2 
4000 0.48 0.098 0.106 0.151 0.178 
4047 14.5 5.4 
Violet 4358 27.1 7.0 
and 4475-— 4550 2.6 0.0 
blue 4500 1.04 0.238 0.254 0.340 0.42 
3650— 4840 2 0.0 
4840— 5060 2.05 0.0 
5000 1.76 0.435 0.480 0.581 0.68 
Geum 5060— 5820 2.2 0.0 
5320— 5615 33.5 6.2 
5500 2.52 0.66 0.62 0.83 0.96 
' 5615— 5950 19.2 2.3 
Yellow 5950— 6350 3.1 
6000 3.58 0.89 0.93 1.07 1.19 
Ousnge 6350— 6830 3.0 
i i 6500 4.44 1.12 1.15 1.30 1.41 
oe oe 6830— 7220 3.75 
7000 5.07 1.31 1.34 1.47 1.57 
7500 5.55 1.47 1.50 1.61 1.68 
8000 5.95 1.60 1.62 1.70 1.76 
8500 6.25 1.70 1.71 1.77 1.81 
9000 6.42 1.75 1.76 1.79 1.81 
9500 6.50 1.80 1.79 1.81 1.80 
10000 6.52 1.81 1.80 1.79 1.77 
10140 10.8 3.2 
10500 6.52 1.82 1.81 1.77 1.74 
11000 6.44 1.78 1.77 sen 1.67 
11289 7.8 
11900-12100 6.3 
12000 6.12 1.69 1.67 1.60 1.53 
Infra- 13000 5.45 1.57 1.55 1.45 1.29 
red 13570-13955 8.5 
14000 4.85 1.43 1.41 } 3] 1.22 
15000 4.338 1.28 1.26 1.14 1.07 
15300 6.1 
16000 3.62 1.14 1.11 1.01 0.94 
16900-17100 6.9 
17000 3.15 1.00 0.97 0.87 0.81 
18000 2.74 0.87 0.85 0.76 0.69 
19000 2.39 0.76 0.74 0.65 0.60 
20000 2.09 0.66 0.64 0.56 0.51 
22000 1.63 0.52 0.50 0.48 0.40 
24000 1.26 0.39 0.38 0.32 0.30 
26000 1.04 0.31 0.30 0.26 0.2: 





* These data furnished by General Electric Lamp Works, Cleveland, Ohio. 
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Che percentages of total light of various 
kinds is shown in table 4. 

Other tests which contribute data on 
this same question of radiant energy are 
five: 18, 19, 32, 33 and 34. 

In test 4, a lead glass filter was used 
in box 1. Such a filter transmits no ultra- 
violet; therefore, it would seem that the 
blue and violet radiated by this lamp 


Table 4.—Per cent of total light in lamps 
used.* 











ORANGE 


VIOLET 

AND GREEN YELLOW AND 

BLUE Rep 
100-W. 
1000-hr. 2.3 40.7 27.4 29.6 
100-W. 
500-hr. 2.6 41.6 26.6 28.2 
100-W. 
100-hr. 2.9 43.1 26.5 27.5 
100-W. 
25-hr. 3.0 43.8 26.5 26.7 
250-W. 
CX 2.7 42.5 26.8 28.0 
G-5 1.6 73.6 24.8 0.0 
H-3 1.6 64. 31.3 2.9 





* These data furnished by General Electric Lamp Works, 
Cleveland, Ohio. 


was the attractive principal. The Corer D 
diffusion plates transmit ultra-violet; all 
the other boxes were equipped with these. 
Although the G-5 attracted the largest 
number of moths in the tests mentioned 
previously, it will be seen that this was 
true only if the Special H-3 was not run 
in competition with it. When the H-3 
was used, although the G-5 attracted 
several moths, the H-3 always attracted 
a larger number. When the dark blue 
200-watt was used in competition with 
the G-5 and the Special H-3, with the 
intensities the same, the dark blue lamp 
always led in attractiveness. Here again, 
it would seem that blue color is very 
attractive to the moths since the 200- 
watt dark blue radiates very little ultra- 
violet. 

Tests oF Intrinsic BRILLIANCE AND 
Size OF Luminous ArEa.—The methods 
used and results obtained in an attempt 
to determine the effects of intrinsic bril- 
liance and size of luminous area are 
briefly described. 

1.—250-watt CY lamps were placed at 
such a distance from the ground glass 
diffusion plates that the foot-candle in- 
tensities on these plates approximated a 
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ratio of 1-2-4-8. For the results of this 
test see table 2, tests 5, 20, 21 and 22. 
In test 5, the intensities were determined 
at Cleveland, Ohio, by L. C. Porter and 
J. P. Ditchman of the General Electric 
Company before the lamp boxes were 
shipped to Orleans. In the other three 
tests the intensities were checked just 
prior to liberation of the moths. The 
following summary of the four tests indi- 
cates the differences in response to various 
light intensities: 
Foot-candles 1280 640 320 160 
Total catch 298 73 24 9 
2.—The lamps were all placed the same 
distance from the diffusion plates and iris 
diaphragms were used to regulate the 
sizes of luminous area so that they would 
be in a ratio of 1-2-4-8 on the plates 
(tests 23, 24, 25 and 26). 

The total catches in the four tests 
demonstrate the effect of the size of the 
luminous body on the number of moths 
attracted. 

Ratio luminous 

areas 8 + 2 l 

Diameter lum- 


inous area 4.24in. 3.0in. 2.12in. 1.5 in. 
Total catch 163 169 100 17 


Tests oF ATTRACTIVENESS OF ULTRA- 
VioLtet Raptation.—In attempting to 
determine whether ultra-violet radiation 
is an important factor in the attractive- 
ness of lamps, five tests, 2, 4, 27, 28 and 
29, were made. In these tests, G-5 lamps 
were compared, with and without filters 
which removed the ultra-violet rays. In 
this instance the most attractive by 20 
per cent was that without ultra-violet. In 
like comparisons, tests 3, 6, 9 and 10, in 
which 250-watt CX lamps were used, the 
radiation with the ultra-violet was just 
as attractive as were those with the 
ultra-violet screened out. In fact, in these 
four different tests, the total catch of all 
was the same for the radiation with ultra- 
violet as it was in those in which this band 
was eliminated. These results indicate 
that the blue and violet is just as attrac- 
tive alone as when a small amount of 
ultra-violet is included in the energy 
radiated. 

When the Special H-3 lamps were used, 
with and without the ultra-violet screened 
out, tests 30, 31, 35 and 36, the difference 
was much greater in favor of the ultra- 
violet. In these four tests the most at- 
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tractive lamp by 44 per cent was the 
H-3 operated to permit the ultra-violet 
to be radiated into the lure chamber. 
These tests indicate that if there is a 
relatively large amount of ultra-violet 
radiation, then it becomes important in 
attractiveness along with the visible vio- 
let and blue. 

A test similar to the 1937 field test was 
made to determine whether or not a 
change in brilliancy, with such change in 
the color spectrum as results from oper- 
ating lamps over-voltage, would indicate 
a definite trend toward higher attractive- 
ness. For this test, all four boxes were 
equipped with 100-watt special Mazda 
lamps designed to have 25-, 100-, 500- 
and 1000-hour lives, respectively. Tests 
14, 15, 16 and 17 of table 2 give the 
results of this voltage increase. The total 
number of moths attracted in all four 
tests is as follows: 
25-hour 100-hour 500-hour 1000-hour 

169 112 45 54 

Conciusions.— As a result of the fore- 
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going tests, the authors feel there ar 
three things which influence the at 
tractiveness of light to the codling moth; 
namely, intrinsic brilliance, the size of 
the luminous area and the color. Smal! 
amounts of ultra-violet, in addition to 
blue and violet, seem to have little attrac- 
tion. Large amounts of ultra-violet, based 
comparatively on the lamps used in the 
tests, add to the attractiveness of the 
lamp. It would seem that the best lamp 
to attract the codling moth would be one 
with the right shade of blue, with great 
intrinsic brilliance and with a large lumi- 
nous area. The dark blue 200-watt tung- 
sten filament lamp, when all other condi- 
tions were equal, showed the greatest at- 
tractiveness of all lamps tested. 

Consideration of the results herein re- 
corded should recall that these data were 
obtained under the condition of this ex- 
periment and with the equipment avail- 
able at the time. Other laboratory tests 
may or may not parallel these results in 
every respect.— 5-13-38. 
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Experiments With Tank-Mix Nicotine-Bentonite-Soybean 


Oil for Codling 


STerNerR and R. F. Sazama, U. 


Moth Control 


S. Department of Agriculture, 


Bureau of Entomology and Plant Quarantine 


The object of this report is to present 
the results of three years of field and 
laboratory-field tests, carried on in south- 
ern Indiana, of a tank-mix nicotine- 
bentonite-soybean oil combination for 
codling moth control. During the past five 
years, combinations of nicotine and ben- 
tonite have been tested by various inves- 
tigators, generally with promising results. 
Some of the earliest work was done by 
Driggers & Pepper (1934), mostly with 
nicotine sulfate or nicotine tannate in 
combination with bentonite or bentonite- 
sulfur, but without oil. 


Among the various combinations of 
nicotine with bentonite that have been 
under experiment at the Vincennes, Ind., 
station since 1933 the most effective in 
codling moth control has consisted of 
nicotine sulfate (40 per cent nicotine), | 
pint; bentonite, 5 pounds; soybean oil, | 
quart; and sodium lauryl sulfate, one- 
fourth to one-half ounce per 100 gallons. 
Chemical analyses of spray deposits made 
by J. E. Fahey and H. W. Rusk of the 
Division of Insecticide Investigations 
have shown also that, for the purpose of 
building up and maintaining highly toxic 
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deposits of nicotine over long intervals, 
the tank-mix soybean oil treatment was 
one of the most effective tested. 

LABORATORY - FELD Tests. — The 
method of laboratory-field tests origi- 
nally described by Lathrop & Sazama 
(1932) was utilized each season but with 
some modifications and improvements. 
Small plots were sprayed in the usual 
manner with a standard portable spray 
outfit, under 450 pounds of pressure 
through two three-nozzle “‘brooms,”’ one 
of which was used from a tower 10 feet 
high. An average of 20 to 25 gallons per 
tree was required for each application. 

Fruit sampled from the plots was taken 
into the laboratory, where it was arranged 
in a well replicated set-up and exposed 
to attack by a known number of larvae. 
Efficiency was calculated by comparisons 
of the kill obtained on the treated fruit 
with that on washed or unsprayed fruit. 
Stings were recorded but did not enter 
into the larvicidal efficiency rating. Thus 
the influence of all factors other than the 
spray deposit on the surface of the fruit 
is eliminated. This method does not meas- 
ure the effect of foliage deposits nor of 
the calyx spray, the ovicidal effect of a 
treatment nor the end results at harvest. 
It probably underestimates the mortality 
that would be obtained under field con- 
ditions, but it gives an approximation of 
the kill to be expected of larvae that 
hatch on the surface of the fruit under 
the most favorable conditions. Observa- 
tions indicate that, when by this method 
larvicidal efficiencies exceed 85 per cent, 
the treatment is giving almost perfect 
control in the field if the population and 
weather conditions are normal. 

In 1935 the samples consisted of 100 
apples to which 600 larvae were applied. 
In 1936 and 1937 they consisted of 80 
apples, but 640 larvae were used. Samples 
were taken from top, middle and bottom 
sections of two trees in each plot. The 
first samples were taken a day or two 
after worms began hatching in the or- 
chard. Subsequently the treatments were 
sampled before and after each cover spray 
and on other intervening dates. 

The reliability of the sampling tech- 
nique and experimental design has been 
thoroughly tested by statistical analysis 
and appears to be more than adequate. 
lhe analysis of variance (Snedecor 1934) 
was applied to each experiment. 
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The season of 1935 was unusually cool 
and rainy, 1936 was extremely hot and 
dry and 1937 was nearly normal. Thus 
the nicotine-bentonite treatment was sub- 
jected to a wide variety of weather con- 
ditions. Seasonal conditions, however, 
had no influence on larvicidal efficiency 
as determined in the laboratory, except 
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Fic. 1.—Per cent larvicidal efficiency of lead arse- 


nate and tank-mix nicotine-bentonite-soybean oil 
spray treatments, 1935-1937. 


through their effect on the character or 
amount of the spray deposits. 

The spray mixtures and treatments, 
the dates the fruit samples were taken, 
the rainfall between sampling dates, the 
larvicidal-efficiency data for each treat- 
ment and the difference required to be 
considered as significant at odds of 99 to 
1 are given in tables 1, 2 and 3, and the 
relative larvicidal efficiencies are shown 
graphically in fig. 1. 

Resutts or LABoratory-Fievp Tests. 

Throughout these tests an effort has 
been made to compare the nicotine- 
bentonites with the most effective avail- 
able lead arsenate program. The effici- 
encies resulting from the lead arsenate 
combinations used in 1935 were the 
highest that have ever been obtained at 
the Vincennes laboratory, but the ma- 
terials caused considerable foliage injury 
and left residues that could not be re- 
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moved with heated acid solutions. The 
triethanolamine oleate plus oil plus lead 
arsenate mixture used in 1936 did not 
build the deposits expected, probably be- 
cause of the addition of bordeaux mixture 
and the hardness of the water used. The 
lead arsenate program followed in 1937 
was that recommended by the Illinois 
and Indiana Agricultural Experiment 
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cations. The nicotine-bentonite main- 
tained its effectiveness through periods 
of heavy rainfall in 1935, and throughout 
the excessive heat and drought of the 
summer of 1936. 

The results indicated that after a high 
efficiency is attained and the rate of fruit 
growth declines, the dosage of nicotine 
and bentonite may be reduced by 50 per 


Table 1.—Larvicidal efficiency of lead arsenate and nicotine-bentonite on 20-year-old Grimes 


and amount of rainfall between sample dates, Vincennes, Ind., 1935. 








LARVICIDAL ErricteNcy 


REQUIRED 
DIFFERENCE FOR 


Dare RAINFALL - ————— DIFFERENCE 
; IN INCHES Lead Arsenate* Nicotinet IN Per Cent Opps or 99:1 
in per cent in per cent IN Per Cent 
May 27 1.28 80.5 49.7 —30.8 13.2 
June 4 1.54 94.7 90.5 — 4.2 8.7 
June 7 0.90 79.0 82.7 3.7 13.3 
June 13 0.81 77.8 74.0 — 3.8 10.3 
June 17 2.04 61.3 69.6 8.3 11.9 
June 20 1.20 77.8 91.9 14.1 9.4 
June 24 0.24 60.4 75.5 15.1 12.2 
June 27 0.38 65.3 69.8 4.5 11.4 
July 1 0.60 78.7 79.9 1.2 9.2 
July 8 1.48 $1.8 88.9 7.1 9.1 
July 15 Trace 89.7 80.2 — 9.5 15.1 
July 18 0.00 93.4 93.4 0.0 5.9 
July 24 0.26 93.3 94.4 1.1 9.3 
July 29 0.51 83.8 85.1 1.3 11.6 
July 31 0.00 90.7 96.1 5.4 6.6 
Aug. 7 2.88 89.5 91.5 2.0 10.9 
Aug. 12 0.00 93.1 89.2 — 3.9 12.6 
Aug. 16 1.11 93.9 91.3 — 2.6 11.2 
Aug. 22 0.06 86.2 86.4 0.2 11.3 
Aug. 28 1.20 89.5 85.7 — 3.8 11.2 
Sept. 3 0.24 77.7 78.9 1.2 11.0 
Sept. 10 0.68 78.7 74.6 — 4.1 11.3 
Sept. 16 0.00 81.7 73.7 — 8.0 11.0 





* Received following schedule (quantities per 100 gallons): May 17, 21, 27; June 3: Lead arsenate, 4 Ibs.; Hydrated lime, 4 lbs.; 
Sodium oleate soap, } Ib.; White oil (tank emulsified), § gal.; June 17, 28; July 18, 30; Aug. 13: Lead arsenate, 3 lbs.; Bordeaux 


mixture, }-14-100. 


t Sprayed on May 21; June 3, 17, 28; July 18, 30; Aug. 13 with the followin 


(per 100 gallons): Sodium laury! sulfate, }oz.; 


Nicotine sulfate, 1 pt.; Bentonite, 5 Ibs.; Soybean oil, 1 qt. These were added to the tank in the order indicated. 


Stations in 1937 for the control of severe 
infestations in those states. This treat- 
ment caused considerable foliage injury 
and left residues very difficult to remove. 

Throughout the tests the nicotine- 
bentonite mixtures were equal to or bet- 
ter than lead arsenate in effectiveness ex- 
cept for early in 1935, when three 


applications of lead arsenate were com- 
pared with one of nicotine-bentonite, and 
at the very end of the 1937 season, more 
than a month after the final spray appli- 


cent and the spray intervals lengthened 
without any substantial drop in the aver- 
age effectiveness of the treatment. Chemi- 
cal analyses showed that heavy deposits 
were present after most of the applica- 
tions and that these could weather off 
to a considerable extent before the effici- 
ency began to decline. 

No foliage injury was observed at any 
time in the nicotine-bentonite plots. In 
some cases there were conspicuous de- 
posits of bentonite on the fruit at harvest, 
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but these were readily removed by wash- 
ing in a brush machine with weak alkali. 
In some cases dry brushing was sufficient 
to remove the residue. 

The tank-mix nicotine-bentonite-soy- 
bean oil treatment must be used in spray 
outfits that have excellent agitation. Be- 
cause of the physical nature of the ben- 
tonite it must be poured in slowly. With 
insufficient agitation or improper wetting, 
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brood hatch, may thus be subjected to 
heavy attack by progeny of larvae which 
survived the lead arsenate treatment 
early in the season. Condemnation of 
such a treatment because of failure to 
equal lead arsenate in small plot tests 
may therefore be unjustified. 

Fretp Tests in 1937.—Field experi- 
ments were carried on in 1937 near Elber- 
feld, Ind., in which nicotine-bentonite 


Table 2.—Larvicidal efficiency of lead arsenate and nicotine-bentonite on 21-year-old Jonathan 


and amount of rainfall between sample dates, Vincennes, Ind., 1936. 











LARVICIDAL ErFiciENCcY 


RAINFALL _- 
JATE 
Date IN INCHES Lead Arsenate* 
in Per Cent 
May 22 0.00 $1.8 
May 27 0.00 25.3 
May 29 0.00 59.6 
June 4 1.24 $4.3 
June 6 0.00 65.8 
June 15 0.14 56.6 
June 17 0.00 74.5 
June 30 0.34 46.0 
July 2 0.19 $9.5 
July 7 1.01 66.6 
July 14 0.52 60.8 
July 16 0.09 64.1 
July 28 1.66 48.9 
July 30 0.00 59.9 
Aug. 11 1.73 61.7 
Aug. 13 0.00 72.2 
Aug. 20 0.10 79.9 
Aug. 31 0.09 74.5 


REQUIRED 


ame DIFFERENCE DIFFERENCE FOR 





Nicotinet 


IN Per Cent Opps or 99:1 
in Per Cent IN Per CENT 

54.8 13.0 9.8 

3.1 17 9.0 
85.1 25.5 8.0 
74.1 29.8 10.0 
85.7 19.9 6.7 
81.3 24.7 9.6 
92.0 17.5 6.4 
88.4 42.4 10.38 
91.3 41.8 9.4 
88.3 21.7 9.0 
86.2 25.4 12.0 
86.6 22.5 11.7 
78.4 29.5 10.1 
88.4 28.5 7.2 
83.1 21.4 9.8 
90.5 18.3 Py 
86.7 6.8 7.9 
82.6 8.1 9.8 





* May 11: Lead arsenate, 3 lbs.; Lime, 3 Ibs.; 


May 19, 28, June 5, 16: Lead arsenate, 3 Ibs.; Kerosene, 2 qts.; Triethanolamine 


oleate, 150 ce.; Bordeaux mixture, }-14-100. (Trees oversprayed with double gallonage.) July 1, 15, 29, Aug. 12: Lead arsenate, 3 


lbs.; Bordeaux, }-14-100 


t May 19, 28, June 5, 16: Sodium laury! sulfate, $ 0z.; Nicotine sulfate, 1 pt.; Bentonite, 5 lb.; Soybean oil, 1 qt.; July 1, 15, 29, 
\ug. 12: Same as above formula, except nicotine sulfate and bentonite each reduced one-half. 


difficulties with clogged screens 
develop. 

WEAKNESSES OF FIELD Spray Tests 
IN SMALL PLots.—It is the writers’ obser- 
vation that, in a two- or three-brood area, 
interplot movement of moths exerts such 
a leveling influence where small replicated 
spray plots are used that the early season 
effects of any particular treatment are 
seldom known when only drop and har- 
vest infestation records are obtained. A 
treatment that is highly superior to lead 
arsenate in the first brood, and which hap- 
pens to be inferior at the time of third 


may 


and lead arsenate were each applied to 
duplicate 2}-acre plots of the Golden De- 
licious variety. Six nicotine and seven 
lead arsenate sprays were applied, the 
final spraying being given on July 30. 
The fruit was harvested Sept., 28, at 
which time no visible bentonite deposit 
remained. Control by each treatment was 
nearly perfect. Only one worm entrance 
per 400 apples was found in each area. 
Sixteen bait traps scattered through the 
area caught an average of 44 moths each 
during the season. 

Because no fungicide was used with 
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nicotine-bentonite, except in the first 
spray, a severe infection of bitter rot de- 
veloped in the nicotine area. This disease 
had been common in the orchard in pre- 
ceding years but it was held in check in 
1987 by the ?-1}-100 Bordeaux used 
with the last six lead arsenate sprays. 
The incompatibility of nicotine-bentonite 
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soybean, could follow sulfur at a shorter 
interval with safety when combined with 
nicotine-bentonite than when used with 
lead arsenate. 

PracticaL Grower Tests or Nico- 
TINE-BENTONITE.—As a result of the 
1935 and 1936 laboratory-field tests, the 
W. C. Reed & Son Orchard Company at 


Table 3.—Larvicidal efficiency of lead arsenate and nicotine-bentonite on 22-year-old Jonathan 
and amount of rainfall between sample dates, Vincennes, Ind., 1937. 





LarvictipAL Errictency 


RAINFALL 


Date 
IN INCHES 


Lead Arsenate* 
in Per Cent 


June 1 2: 35.8 


June 3 
June 9 


June 11 
June 21 


June 
July 


July 
July 
July 


July 

Aug. 

Aug. 6 

Aug. 9 

Aug. 11 

Aug. 13 04 

Aug. 18 0 

Aug. 20 0 

Aug. 23 1.00 

Aug. 25 0 

Aug. 27 0 8. 
Aug. 31 Trace °.9 
Sept. 8 92 59.0 
Sept. 13 2.78 61.7 


REQUIRE D 
DIFFERENCE FOR 
Opps or 99:1 
IN Per CENT 


DIFFERENCE 
Nicotinet IN Per Cent 
in Per Cent 


41 $.§ 11.9 


"Ze 


a) 


b GO Gr 00 20 Om 


_ 
on n= 
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* Received the following treatment: May 13 
arsenate, 4 lbs.; Bordeaux, }- 14-100; Soybean flour, | Ib.; 
June 11: Lead arsenate, 3 Ibs.; 
2-14-100, 


‘ 


t May 25, June 2, 11, 22: Sodium lauryl! sulfate, 4 0z.; Nicotine sulfate, 1 pt.; Bentonite, 5 lbs.; 


+ Ibs.; 
June 2: Lead arsenate, 4 lbs.; 
Summer oil, 2 qts.; Bordeaux, }-14-100; June 22, July 7, 20, Aug. 6: Lead arsenate, 3 lbs.; 


Lead arsenate, 


Hydrated lime, 4 Ibs.; Soybean flour, } Ib.; May 24: Lead 
Summer oil, 2 qts.; Bordeaux, }- 14-100 
Bordeaux, 


Soybean oil, 1 qt.; July 7 


20, Aug. 6: Same as above formula, except nicotine sulfate and bentonite each reduced one-half. 


with the usual fungicides is a complicat- 
ing factor, and diseases which require 
summer applications may be difficult to 
control unless some of the newer fungi- 
cides prove satisfactory. 

Wettable sulfur was used in combina- 
tion with the first nicotine-bentonite 
spray. The soybean oil was omitted from 
that application but included with the 
others. It was observed in this and other 
experiments that oil, either mineral or 


Vincennes, Ind., decided to use the tank- 
mix nicotine-bentonite-soybean oil com- 
bination on nearly half its acreage in 1937. 
This offered an opportunity to observe 
the behavior of this material when used 
on a very much larger scale than had 
previously been possible. Accordingly a 
nicotine program was suggested for use 
on 90 acres. The lead arsenate schedule 
applied to the remaining 122 acres of or- 
chard was arranged by the grower, who 
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Table 4.—Spray programs followed in grower experiment with nicotine-bentonite, Vincennes, 





Ind., 1937. 





nines Leap ARSENATE PROGRAM Nicotine ProGrRaM 
4 N : ‘ . -—- ms ~ = re oe — 
- Dates Material Dates Material 
Calyx May 5-6 Lead arsenate 2.8 lbs. May 6-8 Lead arsenate 2.8 Ibs. 
Hydrated lime 2.5 Ibs. Hydrated lime 2.5 Ibs. 
Spreader 0.2 Ib. Dry lime sulfur 2.0 Ibs. 
Sulfur 10.0 Ibs. Dusting sulfur 8.0 Ibs. 
Glue 0.1 oz. 
First May 17 Lead arsenate 3.2 lbs. 
Cover Hydrated lime 1.5 Ibs. No application made 
Commercial copper fun- 
gicide (20°% metallic 
copper and 4% metal- 
lic zine) 6.0 Ibs. 
Second May 19-20 Lead arsenate 3.2 lbs. May 24 Nicotine sulfate 0.60 qt. 
Cover Hydrated lime 2.5 Ibs. Bentonite 5.00 Ibs. 
Dry lime sulfur 2.0 Ibs. Raw soybean oil 0.20 gal. 
Dusting sulfur 8.0 Ibs. Sodium lauryl sulfate 0.25 oz. 
Third May 26-27 Lead arsenate 4.0 Ibs. May 28-29 Nicotine sulfate 0.50 qt. 
Hydrated lime 1.5 Ibs. Bentonite 5.00 Ibs. 
Copper sulfate 0.6 Ib. Soybean oil 1.00 qt. 
Sodium lauryl sulfate 0.25 oz. 
Fourth May 31 Lead arsenate 3.20 lbs. June 4-5 
Cover June 2 Triethanolamine 0.15 pt. Same as third cover 
Oleic acid 0.30 pt. 
Mineral oil* 0.50 gal. 
Fifth June 8 Lead arsenate 3.20 lbs. June 15 Nicotine sulfate 0.5 qt. 
Cover Hydrated lime 1.50 Ibs. Mineral oil 2.0 qts. 
Triethanolamine 0.15 pt. Commercial copper 
Oleic acid 0.10 qt. fungicide (emulsifier) 0.6 Ib. 
Commercial copper Triethanolamine 0.1 qt. 
fungicide 0.60 Ib. Oleic acid 0.2 qt. 
Sixth June 29- Lead arsenate 3.20 lbs. July 3 
July 1 Hydrated lime 1.50 Same as third cover 
Copper sulfate 0.75 Ib. 
Mineral oil 1.00 qt. 
Seventh July 21-24 Sameas sixth cover, except mineral July 20-21 Same as third cover 
Cover oil omitted 
Kighth July 29 Lead arsenate 3.2lbs. July 29 Nicotine sulfate 0.25 qt. 
Cover Hydrated lime 1.5 lbs. Bentonite 5.00 Ibs. 
Soybean oil 0.20 gal. 
Sodium lauryl sulfate 0.25 oz. 
Ninth Cover No application made Sept. 1 Mineral oil 0.6 gal.t 
Commercial copper 
fungicide (emulsifier) 0.6 Ib. 
* The mineral oil used had a viscosity of 74 seconds (Saybolt Universal Viscosimeter at 100 degrees F.). This is a deposit-building 


ormula, and the trees were sprayed with an average of 34 gallons, instead of the usual 18. 
t Intended as an aid in masking and weathering off the bentonite residue. 


wished to use as intensive a treatment as 
the trees could tolerate and residue re- 


moval requirements would permit. 


The orchard was in excellent condition 
and making vigorous growth. The trees 
were open and low, facilitating spraying 
from the ground. Most varieties common 


to southern Indiana were represented, 
with Transparent and Duchess trees in- 


terplanted among the fall and winter 


varieties. The entire acreage was sprayed 
from a central stationary outfit. For this 
reason and because the grower wished to 
include the early varieties in the nicotine 
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program to avoid washing, it was not 
practical to replicate the treatments in 
different parts of the orchard. e 
The nicotine area was bounded on three 
sides by that part of the orchard sprayed 
with lead arsenate and on the fourth side 
by an adjacent orchard which also was 
sprayed with lead arsenate. It contained 
most of the trees of the interplanted early 
varieties and probably on this account it 
had been supporting the largest codling 
moth population. The nicotine-sprayed 
Ben Davis trees were nearest the packing 
house and prior to this experiment pro- 
duced the wormiest fruit in the orchard. 


Table 5. — ne moth control in nicotine and lead arsenate areas, Panne. Ind., 
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nicotine area received an average of 15 gal- 
lons per application and those in the lead 
arsenate area an average of 20 gallons. 
Ben Davis in the nicotine area averaged 
10 gallons and those in the lead arsenate 
area, 13 gallons. Part of the difference 
was due to the extra gallonage applied 
in the fourth cover spray to the lead 
arsenate area and part to an effort to 
conserve on the more expensive nicotine 
solution. In addition, the marked color 
contrast between wet and dry foliage 
sprayed with nicotine-bentonite makes it 
easier to avoid overspraying. 

Eight Transparent, seven Turley and 


1937. 





NuMBER PER N REE 


AREA VARIETY -_— 


Apples 


2633 
1588 


Transparent 
Transparent 


Nicotine 
Lead arsenate 


2501 
2496 


Winesap 
Winesap 


Nicotine 
Lead arsenate 


1300 
909 
1180 


Turley* 
Turley 
Turley 


Nicotine 
Lead arsenate 
Combination 


754 
772 


Ben Davis 
Ben Davis 


Nicotine 
Lead arsenate 


NuMBER Per 100 
APPLES 


‘Stings 


Worms 


Stings 
14.8 5. 0.! 0.6 
21.4 9.$ 1. 5.0 


Worms 


29.6 i 0 
74. 353 3. 5.8 


51. 
58. 


51.8 


130. 
236. 





* Approximately 51 per cent of the fruit had dropped by June 30 in the lead arsenate area as compared to 8 per cent in the nicotine 
area, the difference being due to spray injury. Only apples remaining on the trees July 1 were used to provide the above records for 


this variety 


Thus from the outset the nicotine treat- 
ment was given the disadvantage in loca- 
tion and previous infestation. 

The spray treatments as applied to 

ach area beginning with petal fall are 
outlined i in table 4. Dosages are on a 100- 
gallon basis. Wyoming bentonite, in pel- 
let form, was used. 

Beginning with the second brood pe- 
riod, 37 acres in the nicotine area were 
diverted to a lead arsenate schedule. In 
order to minimize the loss in efficiency 
which results from such a change, this 
acreage was sprayed on June 29 and again 
on July 2 with lead arsenate at 3.2 pounds 
per 100 gallons; commercial copper fungi- 
cide, 0.6 pound; and mineral oil, 1 quart. 
The two final cover sprays were the same 
as those applied to the regular lead arse- 
nate area. 


Turley and Winesap varieties in the 


seven Winesap trees were selected in the 
nicotine and the lead arsenate areas in 
June to provide infestation data. In ad- 
dition, seven Turley trees were selected 
in the area which was to receive the 
combination schedule. At harvest, eight 
Ben Davis trees in closely adjoining parts 
of the lead arsenate and nicotine areas 
were also utilized. Except for that of the 
Ben Davis, all drop fruit was scored. The 
first brood infestation on the Turley and 
Winesap varieties was determined on 
June 29 by examining “‘stratified’’ sam- 
ples of 150 apples and all drops from each 
tree. 

Resutts or Grower Test or Nico- 
TINE-BENTONITE.—Moth abundance and 
activity as indicated by records from com- 
parable bait traps were approximately 
equal in the two areas. An average of 59 
moths per trap was caught during May 


“e 
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and June in the nicotine area and 57 per 
trap in the lead arsenate area. The aver- 
age catches per trap for the entire season 
were 184 and 192, respectively, in the 
two areas. An increase in July which was 
expected in the nicotine area, because of 
the presence of 100 per cent more fruit, 
and the leaving of infested Transparent 
apples on the ground, did not materialize. 
The infestation records for the season are 
given in table 5. 

The deposit building spray applied to 
the lead arsenate area May 31 caused a 
complete cessation of fruit growth for 
eight days on the Turley variety, after 
which a heavy drop of fruit began. Chemi- 
-al analyses on June 1 showed an arsenic 
trioxide load of 47.3 mmg. per square 
centimeter. The injury may have been 
the result of oil too closely following after 
sulfur, of too heavy a deposition of oil or 
of too much arsenic. At the end of the 
first brood period, the fruit drop for this 
variety was 51 per cent of the total crop 
on the record trees as compared to only 8 
per cent in the nicotine area. In addition, 
more or less injury to foliage occurred in 
the lead arsenate area. No injury what- 
ever was observed in the nicotine area. 

The nicotine deposit was seven weeks 
old when Turley harvest began (Sept. 17) 
and five weeks old when third brood lar- 
val hatch reached its peak early in Sep- 
tember. Most of the codling moth injuries 
on all the winter varieties in the nicotine 
area were made in September, and it is 
apparent that nicotine sulfate should have 
been included with the 0.6 per cent oil 
spray applied to the nicotine area Sept. 1. 

On the Turley variety, 43 per cent of 
the worm entrances in the nicotine area 
was located in or immediately adjacent 
to the calyx, while in the lead arsenate 
area only 9 per cent entered at that point. 
The Turley is a large apple, and, whereas 
“arly lead arsenate deposits would adhere 
in the deep calyx cavity after that end 
turned down, nicotine would continue to 
disappear. Apparently, in the last appli- 
cation, insufficient nicotine was deposited 
around the calyx of this variety. The 
same was true of the Ben Davis, but not 
of the Winesap, which is a smaller apple 
with a shallow calyx cavity. 

Since the bentonite was used at 5 
pounds per 100 gallons in all applications, 
the residue was conspicuous and could 
not be removed satisfactorily by brushing 
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from the Turley, Ben Davis, Winesap 
and Rome Beauty varieties. Satisfactory 
removal was obtained by washing the 
fruit in an underbrush machine contain- 
ing a solution of 40 pounds of sodium 
silicate and one-half gallon of mineral 
oil per 100 gallons. On the Transparent, 
the change to oil-nicotine in the fourth 
cover spray effectively masked and sof- 
tened the bentonite deposit so that the 
necessity for cleaning was avoided. 

Although laboratory-field tests have 
shown that oil-nicotine is far more effec- 
tive as a larvicide when it follows nicotine- 
bentonite than when following lead 
arsenate, the oil loosens the bentonite, 
making it more susceptible to weathering 
and hence may have weakened the deposit 
on the fall and winter varieties. Repeated 
tests, however, have shown that substi- 
tution of oil-nicotine in the last spray or 
two before harvest on winter varieties is 
advisable if insurance against a too con- 
spicuous bentonite residue is desired. 

Although injury by leafhoppers had 
been severe throughout the entire acre- 
age in 1936, the nicotine schedule almost 
completely eliminated damage by this 
insect in 1937. Leafhoppers, however, 
were very abundant in the lead arsenate 
area. A conspicuous difference in fruit 
color development favoring the nicotine 
treatment was evident early in Septem- 
ber. Furthermore, Jonathan fruit with 
insufficient color began dropping more 
rapidly in the lead arsenate area prior to 
harvest. This difference in color develop- 
ment and in rate of drop was attributed 
in part to the heavy leafhopper popula- 
tion in the lead arsenate area. 

The actual cost to the grower of spray 
materials applied for codling moth con- 
trol after petal fall to Turley and Winesap 
apples averaged $1.17 per tree in the 
nicotine area and $0.69 per tree in the 
lead arsenate area. If we ignore the rela- 
tive size of crops, which was greater in 
the nicotine areas on all varieties exam- 
ined, the nicotine program cost 6 cents 
per bushel more for spraying the Turley, 
3.7 cents per bushel more for the Winesap 
8 cents more for the Ben Davis and 2.5 
cents per bushel more for the Trans- 
parent. Despite low prices the nicotine 
program paid for its extra cost in in- 
creased clean fruit on all varieties except 
Turley. In addition the overwintering 
population was much lighter in the nico- 
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tine area, the cleaning expenses were 
reduced on all varieties (none for Trans- 
parent) and leafhopper damage as well 
as spray injury was avoided. 

SumMaAryY.—Under Midwest conditions 
deposits of lead arsenate sufficient for 
effective control of the codling moth are 
often more than the apple tree can stand. 

Extensive tests over a period of three 
years have shown that a tank mixture of 
1 pint nicotine sulfate, 5 pounds bentonite, 
1 quart soybean oil, and one-fourth to 
one-half ounce sodium lauryl! sulfate per 
100 gallons is more effective than any 
other lead arsenate substitute tested. 
Combination laboratory-field tests showed 
that it equaled or was superior in larvi- 
cidal efficiency to the heaviest appli- 
cations of lead arsenate that can be 
recommended for use in this area. 

Commercial usage in 1937 on 90 acres 
in comparison with a heavy lead arsenate 
and lead arsenate-oil schedule on the 
remaining 122 acres of a local orchard 
gave the following results: 

1.—Equal control of worms on one 
variety and reduction in worms up to 60 
per cent on three others. 

2.—Reduction in stings ranging from 
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88 to 96 per cent on all of the varieties. 

3.—Excellent control of leafhoppers 
with greater early color development on 
all varieties and less drop of fruit on 
Jonathan. 

4.—Complete avoidance of spray in- 
jury, whereas the lead arsenate schedule 
‘~aused severe injury followed by a 50 per 
cent June drop of fruit on the Turley 
variety. 

5.—Residue removal less difficult and 
less costly. No removal measures were 
needed on the Transparent and dry brush- 
ing was ample on the Jonathan. 

6.—Its increased cost for materials was 
more than offset by the increase in unin- 
jured fruit on all except the Turley 
variety. 

7.—The high proportion of new en- 
trances in the nicotine sprayed fruit in 
September indicated that the interval 
between the last nicotine spray (July 29) 
and harvest was too long. A nicotine 
spray was needed early in September. 

The use of summer oil plus nicotine 
sulfate for the last two cover sprays will 
mask and soften the bentonite deposit 
and in most instances make unnecessary 
the cleaning of fruit at harvest.—1-15-38. 
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Comparative Tests of Fixed Nicotines and Lead Arsenate 
Against Codling Moth* 


Ray Hutson, J. M. Merrirt and Frank ParmMeer, Michigan Stale College, East Lansing 


This report consists of information 
garnered in field studies of fixed nicotine 
compounds carried on in an orchard 
leased for the purpose at Mason, Mich. 
The objectives in these tests were to 
determine the toxicity under orchard con- 
ditions of promising fixed nicotine for- 
mulas to codling moth (Carpocapsa po- 
monella L.) and to apple trees; and to 


* Journal Article No. 318, new series, published with the ap- 
proval of the Director of the Michigan Agricultural Experiment 
Station. 


ascertain how such materials could be 
worked into spraying schedules such as 
are commonly used upon apple trees for 
control of insects and diseases. 
ConpDITIONS OF EXPERIMENTAL Work. 
~The orchard in which this work was con- 
ducted consists of a section (160 trees) of 
old, low-vigor trees, mostly Spy, Baldwin, 
Ben Davis, Wealthy and Duchess, and a 
block (120 trees) of 16 year old McIntosh 
in vigorous condition. The McIntosh 
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block permitted comparable toxicity 
‘ests with ample opportunity for ade- 
juate replication, and the older trees 
allowed extension of the tests, when de- 
sired, to trees of other varieties which 
were at a different level of vigor. The 
value of extending the tests is reflected 
in the moth control data recorded in 
tables 1 and 2 and in the observations on 
injury immediately following each tabu- 
lation. 

Inasmuch as this orchard is isolated 
and was under our complete control, we 
were able to regulate the moth population 
by releasing moths and larvae. The inclu- 
sion of replications which received calyx 
and first cover sprays only is another de- 
sirable feature permitted by our control 
of the orchard. 

Metuops.—The experimental work de- 
tailed is a progressive entity and the data 
are presented in chronological order. This 
permits illustration of the evolution of 
some of the more effective compounds 
which are lineally and directly derived 
from those compounds first reported by 
Driggers & Pepper (1934) according to 
the following scheme: 

Bentonite-sulfur plus nicotine sulfate 

1934). 

Bentonite-nicotine sulphate, B. L. 155 
(8 per cent nicotine), 155 BX (8 per cent 
nicotine) (1937). 

Nico Zin (20 per cent nicotine), B. L. 
155 A, B & C (all 8 per cent nicotine) 
(1937). 

B. L. 1550 (13 per cent nicotine), 155 
Y (8 per cent nicotine), and 155Z (5 per 
cent nicotine) (1937). 

B. L. 155. (B. L. 
nicotine) (1937). 

All of these materials are variations of 
the original bentonite-nicotine modified 
by the addition of various substances or 
variations in proportions of ingredients 
for the purpose of securing desirable 
qualities. 

Fungous control in the experimental 
plots has been handled completely by 
timely and thorough applications of sul- 
fur fungicides in the pre-blossom sprays. 
Combined applications of fixed nicotine 
compounds and fixed copper and of fixed 
nicotine compounds with elemental sulfur 
have been made to determine compati- 
bility but the primary necessity for ap- 
plications of fungicides in the post-blos- 
som period has not arisen because of the 
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excellent control from the timely pre- 
blossom spraying. 

In determining the relative efficiency 
of the various fixed nicotine compounds, 
it has been the practice to confine tests 
to such numbers of materials and com- 
binations as to allow random arrange- 
ment of replications in the block of Me- 
Intosh alluded to, thus permitting statis- 
tical treatment when desired. 

In further tests of promising materials 
and combinations, the older block of 
trees has been divided into two or more 
large plots. 

Spraying has been conducted in all 
cases upon a 10 day schedule (except lead 
arsenate in 1936) with a modern spray 
rig. The applications have been made at 
the rate of approximately one gallon of 
spray per bushel of fruit per application. 

In the elimination of unsatisfactory 
materials and combinations it has been 
the practice to consider control first and 
allow considerations of type of codling 
moth injuries, retention, injury to foliage 
and fruit, visible residue and simplicity 
of formula to bear upon the final selec- 
tion. 

In accumulating the results of the ex- 
perimental work here reported, all fruit 
in the plots was scored. Dropped apples 
were collected, scored and left beneath 
the trees from which they fell. This 
method permits, in addition to an accu- 
rate record of codling moth injury, oppor- 
tunity for observation of fruit injury of 
all kinds. 

EXPERIMENTS IN 1936.—Materials and 
combinations of materials selected as a 
result of previous work (Merritt 1937) 
were employed in the trials made during 
1936. 

All plots received calyx and first cover 
of lead arsenate plus the indicated number 
of cover sprays. 

Treatments and results are apparent 
from table 1. 

Those treatments receiving oil showed 
foliage drop and various fruit injuries. On 
Spy, russeted calyx and lenticel injury 
were common while on McIntosh russeted 
calyx was the common injury. Bentonite- 
nicotine (tank mixed ) left a residue which 
could be removed only by scrubbing. 
Color did not develop well under the 
coating. 

Discussion or 1936 Resutts.—In the 
exceedingly high infestation obtaining in 
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Table 1.—Results of 1936 spraying tests in terms of injuries per 100 apples. 




















: oS , oo , a Tora. 
TREATMENT VARIETY Worms = STINGS eeaidian 
Lead arsenate, 3 lbs., and lime, 4 ]bs., at 14 day intervals, 7 McIntosh 99.35 75.65 175.0 
applications Spy 114.69 138.2 252.8 
B. L. 155X, 5 \bs., 10 applications McIntosh =117.51 20 .03 137.45 
Spy 102.06 31.84 133.90 
B. L. 155Z, 8 \bs., 10 applications McIntosh 91.6 14.48 108.08 
Spy 84.66 28.31 113.07 
B. L. 1550, 3 \bs., 10 applications McIntosh 96.13 17.22 113.35 
Spy 113.61 40.99 154.60 
Ortho Nicotine, 5 Ibs., plus Orthol K, § gal., 10 applications McIntosh 62.19 15.08 77.22 
Spy 122.11 40.55 162.66 
B. L. 155X, 2 \bs., plus Orthol K, } gal., 10 applications McIntosh 57.21 15.76 72.97 
Spy 57.94 41.48 99.42 
Bentonite, 5 lbs., plus soap plus } pt. nicotine sulphate, 8 McIntosh 54.07 21.87 75.94 
applications, plus 2 applications Orthol K,} gal..and? pt. Spy 31.42 20.58 52.00 
nicotine sulphate 
Check calyx and first cover, 3 Ibs. lead arsenate McIntosh 200.45 3.69 204.14 
Spy 246.56 21.74 268 .30 





the experimental plots during 1936 the 
most apparent single result is the superi- 
ority of fixed nicotine combinations ap- 
plied on a ten day schedule when com- 
pared with lead arsenate on a 14-day 
schedule. This is true in every case ex- 
cept the number of worms present in 
McIntosh with the combination B. L. 
155X used at the rate of 5 pounds per 
100 gallons. 

The value of 2 quarts of summer oil 
emulsion with fixed nicotine is another 
striking thing. B. L. 155X, 5 pounds, used 
alone as already noted did not result in 
particularly good control when compared 
to other fixed nicotine compounds. How- 
ever, 2 pounds B. L. 155X plus 2 quarts 


Orthol K oil was one of the best mixtures 
EXPERIMENTS IN 1937.—During 1937 
the same experimental set-up was used 
as in 1936 except for minor deviations 
such as the deletion of lime from the lead 
arsenate sprays; the application of all 
sprays upon a 10-day schedule; and the 
exclusion of certain of the compounds 
tested in 1936, which were replaced by 
fixed nicotines and combinations sug- 
gested by the 1936 experiences. Biennial 
bearing in the older part of the orchard 
forced the use of the Baldwin variety in- 
stead of Spy in the tests upon older trees. 
All plots received calyx and first cover 
sprays of 3 pounds lead arsenate and 8 
sprays of the indicated materials. 





TREATMENT 


Lead arsenate 
(B. L. 155=155Z) B. L. 155, 8 Ibs. 


B. L. 155, 4 \bs., plus Orthol K, } gal. 


B. L. 155, 3 lbs., plus Orthol K., 4 gal. 


Table 2.—Results of 1937 spraying tests in terms of injuries per 100 apples. 


Nicotine oleate, 14 pt., plus Bentonite (fixator A), 


5 lbs. 


Check, calyx and first cover lead arsenate, 3 lbs. 


VARIETY Worms STINGS I brant : ‘ 
Melatesh 2.1 31.8 33.9 
McIntosh 7.2 11.1 18.3 
McIntosh 3.0 9.3 12.3 
Baldwin 2.3 18.1 20.4 
MeIntosh 4.2 8.7 12.9 
McIntosh 4.0 11.1 15.1 
McIntosh | 53.0 13.3 66.3 
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The pertinent information collected 
during 1937 is presented in table 2. 

The only noticeable spray injury in 
these plots was a slight calyx russeting 
of the fruit in the McIntosh plots sprayed 
with reduced dosages of B. L. 155 plus 
} gallon oil. This injury, inconsequential 
with 4 pounds of B. L. 155, became more 
pronounced with 3 pounds of B. L. 155 
plus oil. 

Nicotine oleate left a heavy persistent 
residue; other nicotine combinations left 
an inconsiderable residue. 

Apples from these plots showed no 
signs of scab at harvest nor after being 
held in ordinary storage until December 1. 

Discussion oF Resutts.—Inspection 
of the tabular presentation, supplemented 
by field observations, reveals that we may 
expect control from the use of the fixed 
nicotine compounds and combinations of 
these materials with oil; a control which 
is strictly comparable with the best re- 
sults from combinations of lead arsenate 
and which obviates the necessity of wash- 
ing. It seems apparent from the results 
attained that it is possible to balance fixed 
nicotine combinations in such a way as to 
permit in the same combination immedi- 
ate and residual effects of such nature as 
to result in marked prevention of codling 
moth entries for a period of at least 10 
days. The variations in control secured 
upon different varieties under closely 
similar conditions raises questions unan- 
swerable from consideration of the differ- 
ence in time of ripening and indicate that 
perhaps too much interest has been con- 
centrated upon arriving at a measure of 
the time which should elapse between 
sprays to the exclusion of more applicable 
factors, such as rate of fruit growth and 
protection from scattered emergence early 
and late in the season. Attention upon the 
relation between coverage and growth 
rate early in the season is the next step in 
this study. 

In a study of materials undertaken for 
the purpose of finding non-residue form- 
ing sprays, there seems little reason for 
continuing trials of materials such as tank- 
mix bentonite-nicotine (Merritt 1937) 
and nicotine oleate-bentonite (fixator) in 
their present forms. The presence of 
heavy, persistent residues from these ma- 
terials in their present forms eliminates 
them from further consideration in non- 
washing schedules for standard varieties 
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under our conditions. It will be noted that 
the oil-nicotine applications advocated for 
rendering these combinations have been 
applied. 

The effect of the addition of one-half 
per cent oil to 4 pounds of bentonite- 
nicotine (B. L. 155) is a striking thing. 
The control secured from this combina- 
tion cannot be explained altogether upon 
the basis of ovicidal effect from the oil 
although this must affect the results. 
Comparison of the effect of an 8 pound 
dosage of B. L. 155, with that resulting 
from the use of a 4 pound dosage plus 
oil, reveals an improvement in control 
appreciably better than can be explained 
solely on the basis of improvement in 
ovicidal effect, although this must be a 
part of the action. Certain evidence has 
been adduced (Marshall 1937) which sug- 
gests that perhaps the oiliness of particles 
results in better contact between them 
and the integument of the insect, thus 
increasing the chances that a larva crawl- 
ing over a surface sprayed with the com- 
bination will encounter a poisonous dose. 
The incompatibility of this combination 
with sulphurs offers a slight objection to 
its use. This is of minor importance be- 
cause the combination is compatible with 
fixed coppers and, as used in the reported 
tests, its application was started in the 
second cover spray, giving ample time 
for fungous control by sulphur on those 
varieties which are intolerant of copper. 

Injury from this combination has been 
a minor consideration. The evidence 
gathered from comparisons of oil plus 
B. L. 155 in 3 and 4 pound dosages appar- 
ently conforms to the generally accepted 
principle that increase of solids in sprays 
containing oil lessens chance of injury. 

SumMARY.—During two years, 1936 
and 1937, fixed nicotines and combina- 
tions of fixed nicotines with other ma- 
terials were tested in replicated plots on 
McIntosh, Spy and Baldwin. The controls 
secured under conditions of moderate to 
heavy infestation compare favorably 
with applications of lead arsenate in- 
cluded as a check. The fixed nicotines are 
increased in effectiveness by the inclusion 
of oils with them. This is especially true 
in the combination B. L. 155 plus 2 quarts 
of summer oil emulsion. 

Insofar as these experiments are con- 
cerned apple trees are remarkably toler- 
ant of the fixed nicotines.—1-7-38. 
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Recommendations for Control of Plum Curculio on Peach 


S. C. Cuanper, Illinois Natural History Survey, Carbondale 


During the course of our studies of the 
plum curculio and other peach insects in 
Illinois, I have become increasingly inter- 
ested in learning how these insects are 
controlled in other sections where spray 








(ZA, SPRAYING STARTS AT PETAL FALL 
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SPRAY APPLICATION ONE MONTH 
BEFORE HARVEST 


Fig. 1. 











Plum curculio sprays on peach. 


schedules and practices differ, often quite 
radically, from our own. 

Last spring, letters were written to en- 
tomologists in 19 other states in the east- 
ern half of the country and in the province 
of Ontario, concerning similarities and 
differences in spray schedules. Copies of 
their recommendations, with comments, 
were received. In August a visit was made 
to a number of these states for the pur- 
pose of talking with some of the entomolo- 
gists interested in peach insects and of 


visiting representative growers. This re- 
port concerns the control of one of the 
insects, the plum curculio, Conotrachelus 
nenuphar (Hbst.). 

Spray recommendations in the several 
areas studied vary considerably in the 
following essentials: (1) the use of poison 
at petal fall, (2) the use of poison about a 
month before harvest, (3) the number of 
poison applications and (4) the strength 
of poison used. 

Use or Poison at Perat Favti.—In 
the following states, according to sched- 
ules received, a poison spray is used at 
petal fall for control of plum curculio: 
Alabama, Delaware, Georgia, Maryland, 
Mississippi, New Jersey, North Carolina, 
South Carolina and Virginia. In the fol- 
lowing states, plum curculio spraying is 
begun at the “shuck” stage of peach 
when the shucks are one-half to two- 
thirds off: Arkansas, Illinois, Indiana, 
Kentucky, Louisiana, Michigan, Mis- 
souri, New York, Ohio, Pennsylvania, 
Tennessee and Ontario. Locating these 
states on the accompanying map, fig. 1, 
we find a strip of territory along the Gulf 
of Mexico and Atlantic Ocean including 
all the states from Georgia to New Jersey, 
in which peach spraying starts at petal 
fall. Directly west of them, often in 
adjacent states, is an area where spraying 
does not begin until shuck fall. 

This difference is remarkable when we 
consider that the average time between 
the petal fall and the shuck stages, ac- 
cording to a five year record at Carbon- 
dale, Ill., was 16 days and in a sixth year 
was extended to 26 days. At Carbondale 
the same latitude as Richmond Va., 12 
years of jarring records show very few 
curculios in the orchard before the shuck 
stage. Dr. C. O. Eddy’s studies in Ken- 
tucky show the same condition in that 
state. On my visit to the East and South 
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I made it a point to satisfy myself, by 
talks with entomologists and growers who 
had actual jarring records, that the plum 
curculio does appear in the peach orchards 
there in sufficient numbers to justify the 
use of poison at the time of petal fall. 

In this report I am offering no explana- 
tion but merely wish to point out the 
facts. It was difficult to decide just where 
these two areas met, but as far east as 
Knoxville, Tenn., Professor G. M. Bent- 
ley and growers who jar for curculio as- 
sured me that there is no need for a petal 
fall spray. As far west as Crozet, Va., 
there seems to be no question that spray- 
ing at petal fall is advisable. 

Use or Potson a Montu Berore 
Harvest.—The occurrence of increasing 
numbers of curculios approximately a 
month before the harvest of Elberta 
peaches is usually associated with mois- 
ture conditions which have allowed an 
appreciable number of beetles to emerge 
from pupation. It is associated also with 
a second brood which occurs regularly in 
parts of the South and to a lesser extent 
farther north. The only states of the 21 
studied in which the beetles appear in 
such numbers that a poison spray at this 
time is regularly recommended are Ala- 
bama, Georgia, South Carolina, North 
Carolina and Tennessee. In Illinois and 
Missouri, the recommendation is to use 
this late spray only in years when cur- 
culio is abundant. In Illinois, this applica- 
tion has not been advised for eight years. 
The territory in which the late spray is 
used is shown on the map, fig. 1. It will 
be seen that this late application is not 
advised over all of the south, as Missis- 
sippi, Arkansas and Louisiana do not 
recommend it. A study of this problem is 
at present being conducted in Louisiana, 
and the recommendation may be changed 
there. 

NuMBER OF Polson APPLICATIONS. 
There is much variation in the number of 
poison sprays advised. In Illinois, jarring 
over a period of years in unsprayed or- 
chards, not affected by any control meas- 
ures, has shown that (1) only a small per 
cent of the beetles has emerged from 
winter quarters and flown to the orchard 


Tue State or Virginia on February 25 placed 
a new quarantine relating to sweetpotato weevil 
requiring certification of host material as free from 
any danger of spread of the weevil, when shipped 
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by the time of the shuck stage, (2) that a 
larger per cent of them is found in the 
orchard at the time we recommend the 
second spray, which is 10 days after the 
shuck stage and (3) that many others do 
not appear until the time for the third 
spray, which is two weeks after the 
second. For this reason we recommend 
these three applications except in very 
light curculio years when we send special 
notices to growers suggesting the elimina- 
tion of one or possibly two sprays. A 
study of the 21 spray schedules received 
shows that in seven of them two or less 
applications are advised and that in three 
of these seven, New York, Ohio and 
Ontario, only one. The only logical ex- 
planation for this situation that has been 
suggested is the light infestation normally 
existing. 

STRENGTH OF Porson Usep.—The 
difference in strength of lead arsenate 
recommended is partly accounted for by 
the degree of infestation and partly by 
occurrence or fear of arsenical injury. In 
Missouri and Illinois, 38 pounds to 100 
gallons are recommended. In Louisiana, 
2} pounds are advised, but elsewhere 2 
pounds is the regular strength except in 
Indiana where only 1 pound is used. In 
Illinois we normally get very little injury 
with 3 pounds when zine sulfate plus 
lime is used, and, as we often have con- 
siderable curculio with 3 or 4 sprays of 
this strength, we do not feel it advisable 
to lower the amount. We think there is a 
need for a study of control obtained by 2 
pounds compared with 3 pounds when 
zine sulfate is used as a safener. 

In the foregoing paragraphs, I have 
discussed four essential points in which 
there is much difference in spray recom- 
mendations for the principal peach areas 
of the eastern United States and Canada. 
My thought is that because of these sharp 
contrasts in control practices in adjacent 
areas and unexplainable differences in the 
activities of the insect, there is a real need 
for the various states to carry on investi- 
gations to determine the situation in their 
own peach areas without regard to what 
is considered proper in some other sec- 
tions.—1-7-38. 


from any part of Alabama, Florida, Louisiana, 
Mississippi, Texas or from five designated counties 
in Georgia. The quarantine does not conform to the 
standardized draft. 











Experiments in the Control of Oriental Fruit Moth 


with Oil Dusts 


W. P. Furyt, Illinois Natural History Survey and Illinois Agricultural Experiment Station, Urbana; 
M. D. Farrar, Illinois Natural History Survey, Urbana; and S. C. Cuanpuer, Illinois Natural 
History Survey, Carbondale 


Oil dusts were first used for the control 
of oriental fruit moth, (Grapholitha molesta 
(Busck.), in southern Illinois peach or- 
chards during the season of 1929. The re- 
sults were promising. In fact, they were 
better than results from any of the other 
insecticides which we had tried. Since 
that time, tests have been run every year 
when there was a sufficient peach crop to 
warrant the carrying out of insecticidal 
orchard test plots. 

The dusts have been somewhat im- 
proved from year to year. The results to 
date have been so favorable that many 
Illinois growers have adopted the use of 
oil dusts as a means of controlling oriental 


Table 1.—Results of spray treatments in 
Graves Orchard, Villa Ridge, IIl., 1929. 








a Per Cent 
Pea Cant » 
a7 ao “ EFFiciENcyY 
Per Cent ORIENTAL —“ A 
. : ae IN CONTROL 
CuRCULIO Fruit pon 
; INFESTA- Morn wd 
phir ORTENTAL 
TION INFESTA- Fru 
anees RUIT 
: Morar 
Oil dusted plot 5.0 5.1 80 
Standard dust 
plot 10.1 19.8 20 
Control $1.5 24.5 





fruit moth in their commercial peach or- 
chards. All of our tests have been run on 
peach varieties maturing about the season 
of the Elberta. No attempt has been made 
to control the oriental fruit moth on late 
season varieties. 

Dust Formutar.—At the present 
time we are suggesting the following for- 
mulae as the best to use in making the 
dust: 

Early Season Dusts.—(Should not be 
applied within 30 days of picking time.) 

30 Ibs. sulfur (300 mesh, dusting grade) 

25 Ibs. hydrated lime 

30 Ibs. tale (300 mesh ) 

10 lbs. lead arsenate 

5 lbs. oil (Saybolt 104, 100 degrees F., 
unsaturated ) 


Late Season Dusts.— 

60 Ibs. sulfur (300 mesh, dusting grade) 

15 lbs. hydrated lime 

20 Ibs. tale (300 mesh) 

5 lbs. oil (Saybolt 104, 100 degrees F., 
unsaturated ). 

Summary or Resutts.—The following 
is a brief summary of the experimental 
tests, year by year, covering the period 
from 1929 to 1937. 

1929.—Oil dusts were first used in the 
Graves Orchard at Villa Ridge, IIl., dur- 
ing the summer of 1929. Results are 
shown in table 1. 

1930.—Oriental fruit moth was greatly 
reduced by the cold weather of the winter 
of 1929-30, and the peach crop was re- 
duced to such an extent that no experi- 
ments were possible that year. 

1931.—Extensive tests were arranged for 
this season, and a series of plot treatments 
was carried out in three orchards. The 
infestation was so light that the data from 
these tests were of no value, the check 
plots having only a fraction of one per 
cent infestation by the oriental fruit 
moth. 

1932.—In this year plots were run in 
two orchards where sprays and oil dusts 
were compared. There was little differ- 


Table 2.—Results of spray treatments in 
Chandler Orchard and in Thomas Orchard, 
Carbondale, Ill., 1932. 
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Pees CuRCULIO Fruit ashen tases 
~ INFESTA- Morn O eed 
TION INFESTA- a 
TION Frurr 
‘ Morn 
CHANDLER ORCHARD 
Sprayed plot 7.0 8.9 79 
Oil dusted plot 4.8 10.0 76 
Control 5.8 42.0 
Tuomas Orcuarp 
Sprayed Plot 2.5 16.7 58 
Oil dusted plot 2.7 17.4 58 
Control 24.8 40.8 
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Table 3.—Results of spray treatments for oriental fruit moth, 1935. 
ee Per Cent Per CENT 
P OriENTAL EFFICIENCY 
LOT ed -C 
N SEE $$ —_—§—  Fruoir IN CONTROL 
— - . Morn IN- oF OrteNTAL 
First of Season Last of Season Ses oe 
FESTATION Fav it Morn 
1 2 sprays, lead, lime, zine sulfate. Q wettable sulfur sprays. July 20; 
April 29; May 15 August 2 40.2 23.9 
2 Oil dust with lead. April 29; 3 oil dusts without lead. July 8, 20; 
May 15 (1 lb. per tree, 4 lb. August 2. Dusted from both sides 
from each side) (1 lb. per tree, total) 34.5 34.7 
3 Same as Plot 2, but dusted from Same as Plot 2, but dusted from one 
one side only (4 lb. per tree) side only (4 lb. per tree) 28.3 46.4 
4 Same as Plot 1 Same as Plot 2 26.9 48.1 
5 Same as Plot 1 Same as Plot 2, but containing derris 32.8 37.9 
6 Control (no application) Control (no application) 52.8 





ence in that season between the control 
obtained with dusts and that obtained 
with sprays. Results are shown in table 2. 

1933.—There was a very light and 
scattered crop in this year and no experi- 
ments on oriental fruit moth control were 
attempted. 

1934.—A freeze in February killed 
1early the entire peach crop of the state. 
No experimental work on oriental fruit 
moth was done. Some growers who had a 
light crop on high land reported good re- 
sults from the use of oil dusts. 

1935.—The weather of 1935 was very 
favorable for the development of the 
oriental fruit moth. Our experimental re- 
sults for this year are shown in table 3. 


Table 4.—Results of spray treatments in 
orchards at Anna and Villa Ridge, IIl., 1936. 











Per C ENT 


. "er CEN 
Per Cent pm Cone EFFICIENCY 
TREATMENT CurcvLio In CONTROL 


Fruit Morn 
NFESTATION OF ORIENTAL 
INFESTATI INFESTATION 


Fruit Morn 


"ANNA OrcHARDS 
6 applications of oil 


dust 0.4 0.4 97 
4 applications of oil 

dust 0.5 3.3 75 
Orchard no. 1, oil dust 

(owner's application) 0.4 97 
Orchard no. 2, oil dust 

(owner's application) 0.2 1.0 92 
Control (no applica- 

tion) 20.0 13.1 


v mia Ripce Orcnarp 
$ oil dusts (owner's 
application) 1.1 2.0 80 
2 sprays during moath 
before harvest (own- 


er’s application) 5.0 6.2 60 
Control (no applica- 
tion) 15.2 10.2 





During this season only three pre- 
harvest dusts were applied. This treat- 
ment was not enough to give the best 
control. 

1936.—In this year the peach crop was 
light and confined to the ridge or high 


Table 5.—Results of spray treatments in or- 
chards at Carbondale and Tunnel! Hill, 1937. 








Per Cent 

EFFICIENCY 

ORIENTAL oC 

Bane Ween InN CONTROL 

INre ation OF ORIENTAL 
™ ™~ Fruit Mora 


Io Y ewer 
— Per Cent 
CurcULIO 
INFESTATION 


TREATMENT 


4 oil dusts, starting 
three weeks before 
peach harvest 

sprays with fixed 
nicotine, starting 
three weeks before 
harvest 

Control (no applica 

tion) 8.8 16.1 


1.7 5.1 69 


— 


ee 
on 


7.6 12.6 





ground orchards in the southern part of 
the state. The oriental fruit moth infesta- 
tion was moderate in all sections. Four 
series of tests were carried out in which 
oil dusts were used, and good control of 
oriental fruit moth was obtained in all 
these tests. 

In large commercial orchards at Anna 
and another orchard at Villa Ridge, the 
results which are shown in table 4 were 
obtained. 

1937.—During this season oriental fruit 
moths were about as numerous as in 1936. 
Test plots run in orchards at Carbondale 
and Tunnel Hill, Ill., gave the results 
shown in table 5. 
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Table 6.—Results of tests in Tunnel Hill, 
Ill., orchard with mixed planting of apples and 
peaches, 1937. 





Per Cent 
EFrFIcIENCY IN 
CONTROL OF 

ORIENTAL 
Fruir Morn 


Per Cent 
ORIENTAL 
Fruit Morn 
INFESTATION 


TREATMENTS 


Plot sprayed with a 
fixed nicotine ex- 


perimental mixture 27.0 0 
Plot dusted with five 

homemade oil dusts 

(not suggested for- 

mula) 7.8 70 





The tests in the Tunnel Hill orchard 
with a mixed planting of apples and 
peaches gave the results shown in table 6. 
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OBSERVATIONS IN GROWERS’ ORCHARDS. 

In addition to the results presented 
from our experimental orchards, we have 
many observations in growers’ orchards. 
In many cases the growers’ results have 
been better than those from the experi- 
mental plots. 

Because our tests show no increased 
control of oriental fruit moth by the use 
of oil dust early in the season, these ap- 
plications should be put on only when 
needed for plum curculio. For the oriental 
fruit moth, four late season applications 
of oil dust should be made, starting about 
three weeks before harvest and ending 
two or three days before picking begins. 
It is during this period that most of the 
oriental fruit moth infestation occurs. 
1-7-38. 


The Strawberry Leaf Roller, 
Ancylis comptana (Froel.), in Ohio 


R. B. Netswanper, Ohio Agricultural Experiment Station, Wooster 


It has been known for many years that 
the strawberry leaf roller, Ancylis comp- 
tana (Froel.), is widely distributed 
throughout the state of Ohio, but previous 
to 1935 it had not been considered of 
much economic importance. The corre- 
spondence files of the Department of En- 
tomology of the Ohio Agricultural Experi- 
ment Station reveal but 14 records during 
the 45 year period previous to 1934. 

A definite leaf roller outbreak occurred 
in southwestern Ohio in 1934, and the 
population continued to increase during 
the two seasons following. Some untreated 
plantings in 1936 produced less than half 
a crop as a result of the severe injury, and 
counts showed as much as 76 per cent of 
the leaflets damaged. The infestation was 
centralized in Montgomery, Miami and 
Butler counties. During the season of 
1937 the damage appeared somewhat less 
severe in these counties, but a severe out- 
break appeared in Ashland County in the 
northeentral part of the state. 

Lire History.—the life history of the 


strawberry leaf roller was studied in the 
Wooster insectary during the seasons of 
1936 and 1937. The records obtained were 
based on 82 breeding cages, into each of 
which was introduced a single pair of 


moths. Observations were made on 4976 
eggs, 1339 larvae, 141 pupae and 1444 
moths reared to adulthood from the en- 
tire set-up. 

Two complete generations and a par- 
tial third appeared during both seasons. 
All of the third brood of larvae and part 
of the second sought hibernation. Moths 
of the spring brood emerged during May: 
those of the first brood, during July and 
the fore part of August; and those of the 
second brood, during the latter part of 
August and the first few days of Septem- 
ber. 

The average number of eggs laid by one 
female in breeding cages was 80 for the 
spring brood, 53.3 for the first brood and 
42.6 for the second brood. The maximum 
number laid by one female was 158. The 
average length of the incubation period 
was 10.8 days for eggs of the first brood, 
8.6 for the second and 7.8 for the third. 

The length of the combined larval and 
pupal periods of the first generation aver- 
aged 40 days and of the second genera- 
tion, 35.3 days. The average develop- 
mental period of the first brood pupae 
was 9.5 days and of the second brood, 
9.3 days. It will be noted that as the 
season advanced and the weather became 











June 1938 


warmer, the life cycle became shorter. It 
is also true that female moths lived longer 
and laid more eggs during the early part 
of the season, and that in the field the 
vreatest damage was caused by the first 
brood of larvae. 

PARASITIZATION.—The larval parasite, 
Macrocentrus ancylivorus Roh., which at- 
tacks both the strawberry leaf roller and 
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sitization found in Montgomery County. 

Parasitization of the strawberry leaf 
roller, however, has not been so encourag- 
ing. During 1937, only 6.4 per cent of the 
larvae collected in Ohio was parasitized, 
and, although M. ancylivorus is known to 
be present in each county studied, it ac- 
counted for but 21.2 per cent of the para- 
sitization. Cremastus cookii Weed was 


Table 1. ee eens leafiets in a 600 leaflet wane ae. yan | 10, 1936. 








to be present in southwestern Ohio pre- 
vious to 1935. On July 24 of that year a 
colony was released in Montgomery 
County in a strawberry planting which 
adjoined a peach orchard. This colony 
multiplied rapidly and during 1986 and 
1937 proved a very effective parasite of 
the fruit moth in that locality. A collee- 
tion of oriental fruit moth larvae infesting 
peach twigs, taken September 1, 1936, 
was 97 per cent parasitized by M. ancy- 
lirvorous. In 1937 this species accounted for 
95 per cent of the total fruit moth para- 


* The materials listed in tables 1 and 2 are presented under 


their trade names. The effective ingredients and the manufac 
turer of each are as follows 


Black Arrow Dust—pyrethrum; McCormick & Co., Baltimore, 
Md. 

Dutor—barium fluosilicate and sodium fluoaluminate; E. I 
du Pont de Nemours & Co., Inc., Wilmington, Del. 
~ Spray—natural cryolite; The Kalo Company, Quincy, 
i 
Aryocide—natural cryolite; Pennsylvania Salt Mfg Co., 
Philadelphia, Pa. 

synthetic eryolite; Aluminum Ore Co., East St 

Louis, ill. 

rs i Arrow —pyrethrum; McCormick & Co., Baltimore, Md 
y Pyrocide—pyrethrum; McLaughlin Gormley King Co., 


"Mines apolis, Minn. 
Orthol K—summer spray oil; California Spray-Chemical Cor 
poration, Berkeley, Calif. 
Cr sulfated alcohol; E 
Wilmington, Del 


I. du Pont de 


isselli S preader-Sticker 
Ine ° 


Nemours & Co., 








No. oF REPLICATIONS PER 
MATERIALS* APPLICA- - MEAN CENT 
TIONS l 2 3 4 5 CONTROL 
Derris, 4 per cent rotenone, 12} Ibs. 3 122 73 «#124 135 8 100 100.8 8. 
Gypsum, 87} lbs. 
Cubé, 4 per cent rotenone, 123 Ibs. 3 197 276 2438 246 244 241.2 47.2 
Gypsum, 87} Ibs. 
jlack Arrow Dust 3 215 254 26 240 260 245.0 46.3 
Dutoxr, 5 \bs. 
Grasselli Spreader-Sticker, 100 ce. ed 2338 S10 28+ 286 200 262.6 $2.5 
Water, 100 gal. 
Kalo Spray, 5 lbs. 
Grasselli S preade r-Sticke r, 100 ce. 2 74 170 111 78 118 110.2 75.9 
Water, 100 gal. 
Check, no treatment 0 383 503 416 p02 478 $56.4 
the oriental fruit moth, was not known found to be the most effective parasite 


and was obtained in each county in which 
leaf roller larvae were collected. 

CONTROL StupDIEsS OF 1936.—Growers 
in southwestern Ohio tried a lead arsenate 
treatment for the control of the leaf roller 
during the seasons of 1934 and 1935 but 
reported poor success. Consequently, 
project for the control of this insect was 
inaugurated in that area in 1936. Sixteen 
insecticidal treatments were tested against 
the first brood and each was replicated 
five times. Plots were three rows wide and 
approximately 30 re long. Applications 
were made May 11 May 21-22 and 
May 27. At the time 2 the third applica- 
tion, the use of some materials was dis- 
continued and only those were used which 
would not leave a poisonous residue on 
the berries. 

Differences in the damage recorded in 
the various plots on May 21 were not sig- 
nificant, but these differences increased 
as the season advanced. In detailed counts 
made on May 27 several treatments ap- 
peared so much superior to lead arsenate 
that no further records on the lead plots 


a 
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were taken. On June 10, 600 leaflets in 
each of the plots treated by the more 
effective materials were examined for leaf 
roller injury. The data obtained are pre- 
sented in table 1. 

Two applications of a formula com- 
composed of Kalo Spray and Grasselli 
Spreader-Sticker proved just as effective 
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later in the season than in 1936. Folded 
leaves became sufficiently abundant to 
cause the growers considerable alarm. 
Consequently, on June 3 and 4, several 
materials were used in one application on 
small replicated plots. The berries were 
ripening at that time and, consequently, 
the tests were limited chiefly to non- 


Table 2.—Injured strawberry leaflets in a 600 leaflet sample, August 18, 1937. 








MATERIALS _- -_—- 
l 2 
Kalo, 5 \|bs. 
Grasselli S preader-Sticker, 2 oz. 0 4 
Water, 100 gal. 


Alorco, 5 \bs. 
Grasselli S pre ader-Sticker, 2 oz. 
Water, 100 gal. 


we 


Red Arrow, 2 pts. 
Orthol K, 4 pts. 33 33 
Water, 100 gal. 


Phenothiazine, 3 lbs. 
Water, 100 gal. 95 73 


Alorco, 1 part 
Talc, 2 parts 10 10 
Flour, 2 parts 


Dry Pyrocide, 1 part 
Tale, 9 parts 34 


ra 


Kalo, 1 part 
Tale, 2 parts 11 6 
Flour, 2 parts 


Dutoxr, 1 part 
Tale, 2 parts 3 16 
Flour, 2 parts 


Kalo, 3 parts 


Tale, 6 parts 20 


Gr 


Kryocide, 1 part 
Tale, 2 parts 5 $ 
Flour, 2 parts 


Check, no treatment 171 119 


REPLICATIONS 








witacad ; _ Per Cent 

3 4 5 a CONTROL 
40 16 ll 14.2 89.3 
9 19 6 9.8 92.6 
12 58 34 34.0 74.3 
42 64 21 59.0 55.4 
16 10 12 11.6 91.2 
16 28 3 80.6 76.9 
4 9 6 7.2 94.6 
l t 8 6.4 95.2 
13 s t 10.0 92.4 
10 S 2 5.8 95.6 
82 220 70 132.4 — 





as three applications of one consisting of 
powdered derris root dust. These two 
formulae were significantly better than 
any other treatment used. All of the plots 
so treated were so free from injury that 
they could be detected readily without 
consulting the label stakes. 

ConTROL Stupres or 1937.—In 1937, 
arly observations indicated that no ap- 
preciable injury was likely to develop in 
Montgomery County, but larvae ap- 


peared rather suddenly nearly two weeks 


poisonous materials. However, two fluo- 
rine treatments were included. A 10 acre 
area of the planting which was not in- 
cluded in the experimental plots was 
dusted by the grower with a commercial 
material containing 0.75 per cent of rote- 
none. 

Counts were made in the experimental 
plots and also in the 10 acre area on June 
17. It was found that Red Arrow, Kalo 
Spray and Dry Pyrocide Dust had each 
effected more than a 50 per cent control, 
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but the differences among these materials 
were not sufficient to be considered signi- 
ficant. Although the injury was much 
lighter than in 1936, each of the above 
mentioned materials proved more effec- 
tive than powdered derris root; likewise, 
than the rotenone dust applied by the 
grower in the larger block. 

Tests against the second brood were 
conducted in a heavily infested planting 
in Ashland County. The experimental ar- 
rangement was similar to that of 1936 in 
that the plots were approximately the 
same size, and the treatments were repli- 

cated an equal number of times. Ten 
treatments and a check were employed 
and three applications were made at 
weekly intervals beginning July 15, when 
the first second-brood eggs were hatching. 

Seven of the 10 insecticidal treatments 
included fluorine as the toxic agent. At 
the time of the third application these 
materials showed a control of from 80 to 
87 per cent when compared with the un- 
treated plots. No significant differences 
among them were evident, but all ap- 
peared more effective than the three re- 
maining materials. 

Kighteen days after the third applica- 
tion, injured strawberry leaflets were 
counted in a 600 leaflet sample t taken near 
the center of each plot. The record ob- 
tained is shown in table 2. 

It will be observed that all of the fluo- 
rine combinations were effective whether 
used as dusts or sprays. The differences 
in control produced by the several fluo- 
rine formulae were not sufficiently great 
to be significant. All treatments with 
fluorine were significantly better than was 
that with phenothiazine. Those that 
vielded best results were significantly 
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better, at odds of 19 to 1, than either Dry 
Pyrocide or the Red Arrow plus oil com- 
bination. 

The part of the planting not included 
in the experimental plots comprised ap- 
proximately three-fourths acre. This area 
was sprayed with the first formula listed 
in table 2. Leaf counts made in this area 
on August 18 showed a very effective 
control. Less injury was evident than in 
any of the small replicated plots. 

Conciusions.—The results of the work 
of two seasons indicate that the use of 
either natural or synthetic cryolite is a 
very effective control for the strawberry 
leaf roller. Both natural and synthetic 
cryolite appear equal in effectiveness and 
may be used in either dust or spray form. 
The use of a spreader is advisable in 
spray applications, especially if a consid- 
erable number of leaves is folded at the 
time of treatment. The foliage should be 
well covered when the first eggs are hatch- 
ing, and coverage should be maintained 
during the period that larvae are actively 
feeding. Three applications at weekly in- 
tervals largely cover the activities of one 
brood. In the Ohio experiments this pro- 
gram effected a commercial control. 

Seasonal conditions involving both the 
insect and the crop may limit the prehar- 
vest treatments to two or even one be- 

cause of residue complications. If this 

hazard develops and an additional treat- 
ment is needed, Dry Pyrocide Dust may 
be substituted for cryolite in the applica- 
tion immediately preceding harvest. In 
all instances of serious early season dam- 
age, a vigorous post-harvest program of 
fluorine treatments should be executed if 
the planting is permitted to stand.—4-21- 
38. 


Biology and Control of the Strawberry Crown Borer, 
Tyloderma fragariae (Riley), in Kentucky * 


Pau O. Rrircner, Kentucky Agricultural Experiment Station, Lexington 


The strawberry crown borer, Tyloderma 
fragariae (Riley), for the past forty years 
has been the worst insect pest with which 
Kentucky strawberry growers have had to 
* The investigation reported in this paper is in connection 


with a project of the Kentucky Agricultural Experiment Station 
and is published by permission of the Director. 


contend. The most serious outbreaks oc- 
curred in western Kentucky. At present, 
the worst infestation is found in Mce- 
Cracken and adjoining counties where it 
is estimated that the pest caused $100,000 
damage in 1936. 

In the fall of 1936, at the request of 
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growers, the Kentucky Agricultural Ex- 
periment Station set up a project on 
strawberry crown borer in western Ken- 
tucky. This progress report is based 
mainly on field work in McCracken, 
Caldwell and Lyon counties. 

Lire History.—By detailed rearing 
work, the strawberry crown borer was 
found to have two generations during 
1937 in western Kentucky. 

The great majority of crown borers 
passed the winter of 1936-37 under trash 
in infested patches. A very few passed the 
winter as larvae within infested plants 
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Some of the earliest, first generation 
adults began laying eggs late in July, con- 
tinuing into September. These eggs gave 
rise to second generation larvae, most of 
which became adults the same fall and 
left the berry crowns. 

The many first generation beetles and 
the fewer second generation beetles fed 
on strawberry foliage in the fall. Accord- 
ing to Marcovitch (1923) certain adults 
hibernate a second winter and lay eggs a 
second year. Pairs of beetles are being 
overwintered to determine this point. 

Eleven pairs of adults which had hiber- 
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Fic. 1.—A graphic summary of records correlated with the spring activity of the strawberry crown borer 


Tyloderma fragariae (Riley). 


and matured in February and March. 
During the warm days in February and 
March, when the maximum daily tem- 
peratures were 55 degrees F. or above, 
overwintering beetles became active and 
fed on strawberry foliage, fig 1. 

Adults which had hibernated began to 
oviposit early in March and continued to 
lay eggs through August. The first larvae 
hatched in April. In September some first 
generation larvae could still be found 
tunneling through strawberry crowns. 
Pupation of first generation larvae began 
the middle of June. First generation adult 
crown borers began emerging the third 
week in June and continued through 
October. The majority of the first genera- 
tion adults emerged in July and August. 


nated were kept in an insectary. These 
laid from 29 to 102 eggs and averaged 62.7 
eggs per pair during the season of 1937. 
Three pairs of early first generation adults 
laid 4, 7 and 8 eggs. 

Eggs laid in the spring were very slow 
in hatching. During June, July and Au- 
gust, the incubation period averaged 
about ten days. The length of the larval 
stage in midsummer was approximately 20 
days. The larvae passed through five in- 
stars. The length of the pupal stage varied 
from 8 to 11 days during June, July and 
August. 

Eaa Layinc.—It was concluded from 
detailed observations in the vicinities of 
Princeton and Paducah, Ky., that no 
crown borer eggs were laid until early in 
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March, fig. 1. Few eggs were laid before 
the first of April in 1937. Eggs were not 
laid in numbers until the middle of April. 
At this time, Blakemore and Dorset 
varieties of plants were just beginning to 
bloom at Princeton. 

Crown borer eggs were always laid in 
or on the strawberry plant. They were 
usually deposited in shallow excavations 
and covered with dirt and bits of tissue 
gnawed by the female from nearby areas. 

Eggs were deposited most commonly in 
excavations made in the wide leaf bases 
of the strawberry plants, down toward 
the origin of the lateral roots and close 
to the soil surface. The excavations often 
cut through the stipular areas of several 
old leaf bases and often did not penetrate 
the crown proper. 

Some eggs were merely tucked in be- 
hind the dead tissue of the old leaf bases. 
Othere were deposited in the crown itself 
below the origins of the uppermost lateral 
roots and below the surface of the soil. A 
few eggs were laid in the lateral roots. 

InsuryY.—The main damage of the 
strawberry crown borer is caused by the 
larvae, which tunnel through the straw- 
berry crowns. In experimental plots, 55 
per cent of the infested Aroma plants 
died outright or were badly stunted by 
early August. Forty-five per cent of the 
infested plants, by early August, showed 
little effect themselves but suffered a re- 
duction in the number of runners put out 
and plants set. 

One-year strawberry patches, when 
heavily infested with crown borer, have 
only a partial stand of plants, part of 
which have been retarded in their growth. 
This results in a reduced yield of berries 
the next year even though most of the 
runner plants are uninfested. By the 
second year such a patch is usually so full 
of crown borer that it it not worth pick- 
ing. 

Host PLants.—Besides the cultivated 
strawberry, the strawberry crown borer 
was found breeding in the wild straw- 
berry, Fragaria virginiana Duchesne, and 
in common cinquefoil, Potentilla canaden- 
sis L. Common cinquefoil abounds in 
western Kentucky and was found infested 
with crown borer even in areas where 
strawberries were not grown. It would 
appear that the crown borer is native on 
this wild host in Kentucky. Much of the 
crown borer infestation in strawberry 
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patches was traced to nearby cinquefoil. 

PARASITES AND  Prepators.—The 
strawberry crown borer in Kentucky is 
Kentucky is attacked by several insect 
parasites and predators. The larvae of 
Microbracon analcidis Ashm. were found 
parasitising about 2 per cent of the crown 
borer larvae examined during the season 
of 1937. One larva of Hister americanus 
Payk. was found at Princeton, consuming 
a large crown borer larva. A number of 
elaterid larvae were found feeding on 
crown borer larvae or pupae. Two of these 
were reared and identified as Monocrepid- 
ius auritus Herbst. 

Sare Distances ror New PLANTINGs. 
—Adult crown borers cannot fly because 
their hind wings are vestigial. This means 
that the adults, unless carried, must reach 
new breeding grounds by crawling. How 
far crown borer adults can crawl in the 
absence of food plants has an important 
bearing on the distance new patches must 
be placed from old patches and other 
breeding places to prevent infestation. 

Marking experiments carried on in 1937 
showed that crown borer adults can 
travel considerable distances by crawling. 
In all, 1088 marked adults were released 
at varying distances from a strawberry 
patch and recovery collections were made. 
Of 160 blue-marked beetles released at 
125 yards, seven were recovered. Of 
612 gray-marked beetles released 300 
yards distant, one was recovered. 

Adult crown borers lived at least 16 to 
19 days when deprived of food but given 
moisture. This fact, coupled with the fact 
that one marked adult traveled at least 
125 yards in a little less than three days, 
gives some idea of the maximum distance 
crown borer adults can crawl even in the 
absence of food plants. 

For practical purposes, it should be 
safe to plant new strawberry patches at 
a distance of 350 yards from a source of 
infestation. If a new patch cannot be set 
350 yards from a source of infestation, it 
should be set as far away as possible. 

Wuere To Ser New Patcues.— 
Strawberries should be set only on land 
that has been cultivated for one or more 
years. Tobacco was found to be a good 
crop for strawberries to follow. It is not 
safe, as a rule, to plant strawberries on 
or near land where berries have been 
grown the previous year, since growers, 
when plowing, often leave infested plants 
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or overlook such plants around the edges 
of old patches. 

TREATMENT OF Op Patcues.—Old 
strawberry patches should be plowed up 
immediately after the last picking, disked, 
dragged once or twice and sown to an- 
other crop. Fall and early spring are poor 
times to plow up old patches. It is almost 
impossible to get rid of all the plants at 
these seasons, and crown borer continues 
to breed. 

SELECTION OF PLANTs.—It has been 
found possible to take plants from even 
heavily infestated berry patches and free 
them of crown borer by digging and clean- 
ing the plants prior to March 1, before 
any eggs are laid. Under ordinary farm 
conditions, the best way for a grower to 
start a borer free patch is to use only cer- 
tified plants from inspected patches. 

Destruction or Witp Hosts.—Some 
Kentucky growers who have borer in- 
fested cinquefoil on their farms could get 
rid of it by cleaning up their fence rows or 
ditches. Digging up and burning the cin- 
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quefoil, crowns and all, is the best method 
of destruction. 

Crown Borer Barriers.—When a 
berry producing area is full of crown borer 
and infested wild host plants, as is Mc- 
Cracken County, Ky., it will prove diffi- 
cult for many growers to start borer free 
patches at any safe distance from sources 
of infestation. In such cases, a suitable 
barrier would make it possible for growers 
to set new patches close to old ones and 
infested wild hosts. 

Preliminary tests indicate that one type 
of easily constructed barrier may turn 
back adult crown borers. This barrier 
consists of a continuous strip of rough 
sawn boards, | inch X 6 inches X 10 feet, 
set on edge around the patch. The boards 
are fastened in the middle and at the ends 
to 2 inch X 2 inch stakes and are driven 
into the soil to a depth of 2 or 3 inches. 
To the top of each board and turned out- 
ward is fastened an L-shaped strip of 
galvanized iron. Field tests with barriers 
are now in progress.—4-18-38. 
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A Method for Measuring Effects of Dormant Sprays upon 
Apple Tree Growth' 


Joun H. Litty,? University of Wisconsin, Madison 


A significant trend in recent entomolog- 
ical field work seems to be toward more 
careful consideration of the effects of in- 
secticidal programs upon the treated host 
plants. The need of standardized quanti- 
tative methods for the study of such ef- 
fects by different investigators and under 
different conditions is clearly evident. 
This paper presents such a method for 
recording the effects of dormant sprays 
upon development and growth of apple 
trees. 

Many workers have noted visible dele- 
terious effects following the application of 


' This paper is published with the approval of the Director of 
the Wisconsin Agricultural Experiment Station 

The writer wishes to express his sincere appreciation to 
Prof. R. H. Roberts of the Department of Horticulture, Uni 
versity of Wisconsin, who originally suggested this method and 
made me veral useful contributions during its development, and to 
Dr. Churchill Kisenhart of the Statistical Service of the College 
of Agriculture who gave valuable advice in working out the 
mathematical phases 


dormant oil sprays on fruit trees. Severa 
of them have used more or less quantita- 
tive methods for measuring and evaluat- 
ing these effects. On the other hand, cer- 
tain writers have called attention to a 
stimulating influence of dormant oil treat- 
ments under some conditions. Only a few 
representative papers can be cited here. 

Previous Bup INsury Stuptes.—The 
most common and important dormant oil 
effects on fruit trees involve the buds. 
Both leaf and fruit buds may be affected. 
Regan (1923) deseribed significant oil in- 
juries as a retardation of foliage develop- 
ment in early spring and the outright 
killing of buds. He stated that the re- 
tarded development made these trees de- 
tectible several weeks after the rest of the 
block had come into full foliage, and that 
they could be differentiated even late in 
the season by a thinner foliage output, 
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due to the number of buds killed. Spuler 
and his co-workers (1931) suggested that 
these two effects are really differences in 
degree by these words: “Oil injury to leaf 
and spur buds will vary from a delayed 
growth of foliage to a complete killing of 
buds.” They stated further that “the 
trees will outgrow the former condition, 
but the latter condition will result in per- 
manent injury as no new buds replace the 
buds killed.” Farrar & Kelley (1935) re- 
ported retardation of bud opening by 
dormant applications and the killing of 


Oil Spray Data 
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Others have set up arbitrary classes into 
which varying degrees of injury could be 
catalogued (Harman 1928; Young & 
Morris 1933). Still others have made ex- 
tensive bud counts and expressed their 
results as per cent of buds injured by the 
treatments in question (Gentner & Norris 
1933; Overly & Spuler 1928; Overly 1929; 
Ross 1931). Austin et al. (1933) presented 
a table showing the “‘average number of 
blossom trusses per yard of wood of 
branches selected at random from each 
tree.”’ Several writers (Overly & Spuler 
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Fic. 1.—Heading of blank form used to collect the data discussed in the text, including some of the values 
(numbers of growing buds on individual count-units) observed. Fifty counts were made for each length in 
each plot. In Wisconsin this necessitates a minimum of about 15 count-trees per treatment. 


terminal and lateral buds by delayed dor- 
mant sprays. 

It should be pointed out that severe 
injuries described by these and other 
writers usually have been due to misuse 
of dormant oils, often with the express 
purpose of studying injuries. Where they 
are common and severe there can be little 
doubt regarding their importance. It 
sometimes happens, however, that similar 
effects are present in a much smaller de- 
gree where dormant oil sprays are applied 
experimentally or commercially. When 
such is the case it is logical to attempt a 
quantitative estimate of the extent and 
importance of the injury. 

Various investigators have developed 
more or less satisfactory quantitative pro- 
cedures for measuring the effects of dor- 
mant oil sprays on fruit trees. Some of 
them (Austin, Jary & Martin 1935; 
Gentner & Norris 1933) have made care- 
ful and extensive observations and pub- 
lished detailed notes, often supplement- 
ing their writings with photographs. 


1928; Overly 1929; Ross 1931; Spuler e¢ 
al. 1931) have given fruit set or yield 
data. Farrar & Kelley (1935) made de- 
tailed records of twig growth by measur- 
ing length, circumference and square 
inches of bark, and followed tree growth 
by measuring height and trunk circum- 
ference. The last named workers and also 
Ross (1931) studied cumulative effects of 
annual treatments over periods of from 
4 to 10 years. At least two workers in this 
field have used statistical procedures to 
test the significance of their results (Aus- 
tin et al. 1933; Overly & Spuler 1928). 
Metnop or Procepure OF PRESENT 
Srupy.—The following method of meas- 
uring the effects of dormant oils has been 
developed by the writer and used in Wis- 
consin for the past five years with con- 
sistently satisfactory results. One-year- 
old wood ranging in length from 4 to 11 
inches is used as count-wood. Terminal 
growths of the previous growing season 
are selected at random on all sides of the 
experimental trees, so as to get samples 
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sprayed from all angles. The length of 
each count unit is then measured and the 
number of buds on it which have put out 
two or more leaves is recorded, regardless 
of the leaf area produced. Data are kept 
on a mimeographed blank form. Fig. 1 
shows the heading of such a blank form 
and some sample figures. Similar counts 
on unsprayed trees are made for a basis 
of comparison. 
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251 7 
~ 
" 5 6 7 a 9 10 " 
LENGTH OF COUNT-WOOD (INCHES) | 
Fig. 2.—Graph showing the average number of 


growing buds on each length of count-wood on plots 
1, 5 and 6 and the unsprayed control, Orchard A, 
1936. 


The average number of buds on each 
length of count-wood which grew during 
the current season is then calculated by 
adding each column and dividing this 
total by the number of counts made for 
each length. For example, 50 units of 
count-wood were examined in each length 
class for the results reported here, so that 
this number was the divisor in all cases. 
Next a simple graph is drawn with the 
classes of count-wood (lengths) on the 
abscissa and the average numbers of 
growing buds on the ordinate, as in fig. 2. 
The unsprayed control data are plotted 
on this graph, along with those of one or 
more plots which are to be compared with 
it. The consistency with which the 
sprayed plots differ from the control gives 
a general idea of the importance of the 
variability. 
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When a sprayed plot shows a variation 
from the control it is desirable to test the 
significance of the difference by statistical] 
devices. This is rather simply done. A 
table is set up in which the average num- 
ber of growing buds on each length for 
both the sprayed and unsprayed plots is 
listed. The differences between the re- 
spective values found for the eight count- 
lengths are determined (by subtraction) 
and recorded in a fourth column. The 
squares of these differences occupy col- 
umn five. The two columns containing 
the differences and the squares of differ- 
ences are then totaled, so as to give the 
sum of the differences and the sum of the 
differences squared, respectively. (See 
table 2.) The next step is to determine 
whether or not the mean difference found 
is significantly different from zero. 

The method employed for this purpose 
is a standard statistical procedure which 
is described by R. A. Fisher in his book, 
Statistical Methods for Research Workers, 
Section 24—particularly his example 19. 
The testing criterion used is the value of 
t obtained, where ¢ is the deviation of the 
mean difference divided by the estimated 
standard deviation of the mean difference. 
This procedure is valid mathematically 
on the assumption that the differences are 
not correlated with the length of count- 
wood. This assumption seems sound on 
the basis of data examined. Under this 
hypothesis the mean difference is an effi- 
cient estimate of treatment difference. 
Hence we test whether or not the ob- 
served value (mean variation from the 
control) differs significantly from zero. In 
order to do this, an estimate of the stand- 
ard deviation of the mean difference is 
required. This is provided by the formula 
and calculation given in the example 
shown below. The resulting estimate has 
one less degree of freedom than the num- 
ber of differences (number of count- 
lengths used) since the sum of the dif- 
ferences was used in its evaluation. 

This method is based upon horticul- 
tural evidence that similar shoot lengths 
ordinarily have a comparable number of 
functional buds. Roberts (1926) has pre- 
sented data of this nature, and our results 
over a five-year period appear to confirm 
this evidence. It seems reasonable that 
shoots which had made the same growth 
in length, even though on different trees, 
would be of a similar physiological type 
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Table 1.—Some representative data obtained by the method (average numbers of growing buds) 


described in this paper. 





PLor Orxcuard VARIETY A 
inches 
Unsprayed A Wealthy 3.1 
l A Wealthy 3.4 
5 A Wealthy 2.6 
6 A Wealthy 2.2 
Unsprayed B Wealthy 3.4 
Sprayed B Wealthy $.1 
Unsprayed B Dudley 2.7 
Sprayed B Dudley $.5 
Unsprayed B Snow 2.5 
Sprayed B Snow 2.5 
Unsprayed (?) B McIntosh 2.4 
Sprayed B McIntosh 2.0 


5 6 
inches inches 


3.6 4.6 


4.3 5.2 
3.4 3.7 
2.8 3.4 
, 9 4.2 
3.9 +.9 
3.5 2 
3.9 5.0 
2.7 3.5 
3.1 +.4 
$.7 3.1 
2.8 3.8 
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5.6 5.9 6.9 7.2 
3.4 +3 5.8 Ten 
+.9 5.9 6.4 6.6 
+.1 4.4 5.3 5.7 
4.4 4.4 5.2 5.8 


11 
inches 
8.2 


9.1 
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and thus comparable for studying spray 
injury. Such inherent errors as ure due to 
the variability of trees of the same vari- 
ety, age, bearing habit and cultural con- 
dition were largely eliminated by taking 
data only from trees of comparable vigor. 
Fifteen to 20 trees were usually required 
in each plot to supply sufficient count- 
wood. Furthermore, counts have been 
made on opposite halves of trees which 
had been sprayed on one side but not the 
other. In all cases these results were con- 
sistent with experiments in which whole 
trees were used. 

Resutts Ostainep.—The application 
and utility of this method are best illus- 
trated by including sample data and cal- 
culations and presenting some of the re- 
sults obtained. Table 1 gives some repre- 
sentative data and fig. 2 is a graphic pres- 
entation of the figures from Orchard A. 
The curve for plot 1 falls entirely above, 
and that for plot 6 falls entirely below, 
the curve representing the unsprayed 
control, whereas plot 5 gives a curve with 
six points below and two above the con- 
trol curve. Plot 1 was sprayed with a 
proprietary cold mixed oil emulsion at 
t per cent; the unexpected result ob- 
tained will be discussed later. Plots 5 and 
6 were sprayed with the same oil at 4 
per cent, but here it was supplemented 
with an oil-soluble toxicant in concentra- 
tions of 1 per cent and 2 per cent respec- 
tively. 

The significance of the variation be- 


tween plot 5 and the unsprayed control is 
now determined by referring to a table of 
t values (Table IV of Fisher’s book, for 


Table 2.—Data and calculations for compar- 
ing the unsprayed control and plot 5, Orchard 


A, 1936. 





Averace No. Averace No. 








GROWING GROWING Dirrer- 
LENGTH Bups IN Bups IN ENCE 
CONTROL Piotr 5 [(y—z) =d] 
(zr) (y) 
4 inches 3.1 2.6 —.5 
5 inches 3.6 3.4 —.2 
6 inches 4.6 3.7 —.9 
7 inches 5.6 4.9 —.7 
8 inches §.7 5.5 2 
9 inches 6.6 6.8 2 
10 inches eeu 7.0 l 
11 inches 8.2 8.5 +.3 
2.1 
Xd) 
Calculations: 
—_ —2%.1 
Average difference =d = —. 26 


Ss 
Formula for estimate of standard deviation of 


ence: S.D. 


Substituting: 


i= 
S.D. 


‘1 


[> (Xd)?/N 
f  (N=-1)(N) 
77 —(2.1)°/8 1.2187 
(7) (8) ] 56 ] 
26 
1.76 
148 


Degrees of freedom =8 —1 =7 
Values from Fisher's Table of t (d. {. =7): 


5 per cent level of significance = 
1 per cent level of significance 


sa 
a 


SQUARE OF 
DIrrERENCE 
id? 


d®) 


average differ- 


02176 148 


example). According to this table the 5 
per cent level of significance (i.e., the ¢ 
value which would be equaled or ex- 
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ceeded from chance alone one time in 20) 
is 2.365, whereas the 1 per cent level has a 
t value of 3.499. Since the ¢t value calcu- 
lated in this example is only — 1.76, the 
variation between these two plots is not 
statistically significant. (The sign of t is 
ignored.) Plot 6 gave a t value of —6.05 
when tested by the same _ procedure. 
Hence its deviation from the control is 
highly significant. Treatments 5 and 6 
were used in the same block but on dif- 
ferent trees in 1937. The ¢ values obtained 
were —1.04 and —7.05, respectively. 
This gives an indication of the consistency 
of results obtained by this method. 

A word of explanation is necessary at 
this point. The winter of 1935-36 was 
very severe in Wisconsin and an early 
spring survey revealed the presence of ex- 
tensive cold injury to dormant fruit buds 
and the cambial region of one-year-old 
shoots. Because we had no background 
of experience with this type of injury, it 
seemed best to discourage the extensive 
application of dormant oil sprays in order 
to avoid possible additional damage. This 
was done, but some experimental and 
commercial applications were made. One 
experimental series consisted of a pro- 
prietary cold-mix oil used at 4 per cent, 
both alone and supplemented with vari- 
ous toxicants. The data for Orchard A 
were taken from this series. A grower used 
a proprietary mayonnaise-type emulsion 
at about a 6.7 per cent concentration 
5.5 per cent of actual oil) on four standard 
varieties in a single block, leaving adja- 
cent trees or half-trees of each variety as 
unsprayed controls. Counts are included 
from both sprayed and unsprayed trees 
or half-trees of each variety (Orchard B). 

It has been pointed out that plot 1 
(1936), in which the 4 per cent oil emul- 
sion was used alone, appeared to be ma- 
terially superior to the unsprayed con- 
trol. A ¢ value of 6.51 was obtained for 
this plot; therefore the difference is statis- 
tically significant. This result seemed un- 
usual, but it received some striking confir- 
mation from results obtained in near-by 
Orchard B. This grower had sprayed some 
of his trees and left the balance unspray- 
ed, in order to prevent possible excessive 
damage. His observations in early summer 
led him to believe that the sprayed trees 
were superior to those left unsprayed. 
Counts were made to check this point 
and the results are included in table 1. 
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The ¢ values obtained for Wealthy, Dud- 
ley and Snow were 2.61, 6.76 and 2.61 
respectively, showing that all were sig- 
nificantly superior to the check trees or 
half-trees in bud development and growth. 
On the other hand, the sprayed McIntosh 
trees quite closely duplicated the sup- 
posedly unsprayed trees of this variety 
(t value=1.004). This discrepancy was 
explained by the grower a little later. It 
developed that he had been in error when 
first stating which McIntosh trees had 
been left unsprayed, and that practically 
all of the counts for this variety were 
made on sprayed trees! 

It appears that some dormant oil treat- 
ments applied following the particular 
winter injuries described previously, and 
made under the conditions existing in the 
early part of the 1936 growing season, 
actually stimulated bud development and 
growth. Although a little surprising, 
these results are not at all unreasonable. 
Various writers have reported tree stimu- 
lation by dormant oil treatments under 
some conditions. Black (1936) in particu- 
lar has reported that certain applications 
had a marked effect on leaf buds, causing 
fewer buds to remain dormant and result- 
ing in the formation of more spurs and 
shoots. The main point here is that this 
method is just as well adapted to record- 
ing such beneficial effects as it is to meas- 
uring oil injuries. Also, two sprayed 
plots can be compared and the signifi- 
~ance of the variability found can be 
tested statistically. 

The general trend of the results ob- 
tained by this method under the condi- 
tions existing in Door County, Wis., over 
a period of five years, is briefly as follows: 

1. A few combinations were definitely 
injurious. These were mainly the less re- 
fined oils used in cold-mix emulsions in 
concentrations of 6 per cent or higher, 
and similar oils used in lower concen- 
trations but supplemented with certain 
toxicants. 

2. Most of the treatments, including 
both proprietary and experimental com- 
binations failed to show significant varia- 
tions from the unsprayed controls when 
used according to recommendations. 

3. In one year out of five (1936) cer- 
tain treatments resulted in significantly 
superior bud development, following an 
unusual type of winter injury. 

SummMary.—A method is described 
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which is designed to measure dormant oil 
effects on apple trees, and which has been 
successfully used in Wisconsin over a 
period of five years. It has the advantages 
of being quantitative, reasonably rapid 
and simple; and differences are readily 
subject to statistical analysis to deter- 
mine their significance. It is equally well 
adapted to measuring both beneficial and 
injurious effects; results obtained with it 
over the period indicated have shown a 
consistent trend. A ruler and clip board 
are the only equipment required, and the 
counts can be made at any time after 
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trees are in full foliage. It is not applicable 
to poorly-pruned old trees where little 
growth is being made. Bradford (1936) 
has suggested the substitution of weight 
approximations for length measurements 
in problems of this kind; this technique 
might be an additional refinement in the 
method. Another investigator has made 
the suggestion that it might sometimes 
be desirable to count the total number of 
buds present, as well as those that grew, 
and to classify the count-wood according 
to the total number of buds present, 
rather than by length.—1-7-38. 
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Coal Tar Distillates in Dormant and Delayed Dormant 
Sprays on Apple Trees 


J. M. Ginspure and B. F. Driccers, New Jersey Agricultural Experiment Station, New Brunswick* 


importance on apples: oat aphid, Rho- 
palosiphum prunifoliae (Fitch), apple 


In 1926, the senior author made a 
search for cheap chemicals which could 





be efficiently used when combined with 
petroleum oil (employed against scale 
and European red mite) to control apple 
aphids in the delayed dormant stage of 
the tree, thereby replacing the highly ex- 
pensive nicotine. In New Jersey the fol- 
lowing three species of aphids, overwin- 
tering in the egg stage, are of economic 


* Paper of the Journal Series, New Jersey Agricultural Ex- 
periment Station, Department of Entomology. 


aphid, Aphis pomi De G., and rosy 
aphid, A. rosea (Baker). 

Previous to 1926, nicotine sulfate, 1 
500, was practically the only standard 
insecticide recommended against these 
aphids; it was used in combination with 
either petroleum oil emulsion as a delayed 
dormant spray or with lime sulfur as a 
prepink spray. Experiments at the New 
Jersey Agricultural Experiment Station 
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during 1926, 1927 and 1928 have shown 
that certain coal tar derivatives, pri- 
marily of the acid group, such as cresols, 
xylenols and other high boiling tar acids, 
are toxic to aphid eggs, especially when 
applied at that stage of embryonic devel- 
opment when the outer egg layer has 
split, or just prior to hatching. The final 
results, published by Headlee & Ginsburg 
(1929), have established a new delayed 
dormant spray for apples, consisting of 
3 per cent petroleum oil and 0.5 per cent 
crude cresylic acid. This combination is 
considerably cheaper than the nicotine 
spray. Since its introduction it has been 
used widely in New Jersey and in other 
states as a combined spray to control 
aphids, scale and European red mite. 

It should be noted here that these re- 
sults have fully corroborated the findings 
of Dr. A. Peterson (1918), in his experi- 
ments conducted during 1916-18, that 
phenols and cresols possess high toxicity 
to aphid eggs. The writers feel that his 
publication, “Some Studies on the Eggs 
of Important Apple Plant Lice,” deserves 
special mention. It is an outstanding 
piece of work for its thoroughness, both 
in biological observations and insectici- 
dal studies, and led to subsequent experi- 
ments with tar oil distillates by other in- 
vestigators. 

Opssect or THE INVESTIGATION.—Al- 
though the New Jersey apple growers 
hailed this new spray as a cheap substi- 
tute for nicotine, the writers as well as 
Dr. T. J. Headlee realized that the de- 
layed dormant stage of the apple tree in 
New Jersey, designated as “the period 
beginning when the fruit buds show silver 
bands along edges of the bud scales and 
ending when the first leaves stick out like 
tiny squirrel ears,” is comparatively 
short, varying of course, with different 
varieties. During normal seasons it usu- 
ally ranges from 10 to 15 days, depending 
on temperature and other climatic fac- 
tors, or from the last days in March to the 
middle of April. 

Under adverse weather conditions such 
as high winds, excessive rainfall or sudden 
rise in temperature, many growers are un- 
able to complete spraying of the entire 
orchard before the buds and leaves have 
advanced to a stage when injury is apt 
to result. It was felt that a dormant 
spray to replace or to supplement the de- 
layed dormant spray should be of material 
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aid to the apple grower. A spray which 
could be effectively applied between late 
fall and early spring should provide the 
farmer with unlimited opportunities for 
spraying his orchard. Should he, in spite 
of this wide latitude of time, fail to apply 
the dormant spray, he might still resort 
to the delayed dormant spray. A series of 
laboratory and field experiments were, 
therefore, started in 1933 with the pur- 
pose of perfecting a dormant apple spray 
suitable to New Jersey conditions. 

Previous Stupies.—While the experi- 
ments with cresylic acid against aphids 
were going on at the New Jersey Station, 
other investigators in Europe and in this 
country were testing the toxicity of vari- 
ous coal tar derivatives as a dormant 
spray against capsid bug, bud moth, 
scale, aphids and other overwintering in- 
sects. Among the European investigators 
Petherbridge & Weston (1926) found that 
commercial tar distillate preparations 
give practically complete control of curly 
plum aphids and rosy apple aphids, but 
no reduction was noticed of the red spi- 
der, Oligonychus ulmi. 

Tutin (1927) conducted extensive ex- 
periments with different coal tar distil- 
lates and concluded in general that the 
neutral fractions are more toxic to aphid 
eggs than are the acid fractions, and that 
the high boiling neutral fractions (280 
360 degrees C.) are more effective than 
the low boiling neutral fractions (190 
280 degrees C.) against .1. pomi. Stani- 
land, Tutin, & Walton (1980) concluded 
that the destruction of eggs of the capsid 
bug appears to depend chiefly on smoth- 
ering by the oily covering which they re- 
ceive. A definite toxication possessed by 
tar distillates seems to be the chief factor 
in the destruction of eggs of apple aphid 
and psylla. Martin (1985) summarized 
the results obtained by the various inves- 
tigators on this problem and discussed the 
preparation of combined petroleum and 
tar oil emulsions for dormant spraying. 

Among the American investigators, 
Hough (1982, 1938, 1935, 1987) reported 
good control of scurfy and San José scales 
as well as apple aphids with either tar oil 
alone or in combination with petroleum 
oil applied as dormant sprays. 

Elaborate experiments were carried out 
during the past 10 years at the New York 
Agricultural Experiment Station by Dr. 
F. Z. Hartzell and associates with emul- 
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sions of neutral coal tar distillates, of 
Kuropean and American origin, to con- 
trol scale, bud moth and aphids in the 
dormant stage. The outstanding results 
are described in a series of publications by 
Hartzell & Parrott (1933); Hartzell 
(1933); Hartzell & Pearce (1934); Hart- 
zell, Harman & Reed (1935); Hartzell 
(1936); Hartzell & Moore (1937). 

On the whole, these investigations 
brought out the following information. 
From 1.8 to 2.4 per cent tar oil will kill 
eggs of apple aphids, whereas from 4 to 
5 per cent are necessary to control San 
José, scurfy and oystershell scales. How- 
ever, since the scale as well as the Euro- 
pean red mite are readily controlled with 
petroleum oil, which costs approximately 
half as much as the tar oil, a combined 
dormant spray consisting of about 2.5 per 
cent tar oil and 3 per cent petroleum oil 
is efficient in controlling all these insects. 

No tree injury resulted from this dor- 
mant spray, if applied before the fruit 
buds began to swell. Apparently the 
maximum concentration of oil, either as 
tar distillate alone or combined with pe- 
troleum oils, which the dormant apple 
tree can stand is about 6 per cent. Higher 
oil concentrations are apt to cause re- 
tardation in bud development. It further 
appears that tar oils of American origin 
are as effective as the more expensive 
miscible and emulsified products from 
England and other European countries. 

Coat Tar Distititates.—Coal tar is 
obtained by destructive distillation of 
coal, in the manufacture of either coke or 
illuminating gas. It is a complex mixture 
of hydrocarbons generally classified as 
(1) acidic, (2) basic and (3) neutral. The 
acid compounds include phenols, cresols, 
xylenols and other high boiling acids. The 
basic group consists chiefly of pyridine 
and quinoline compounds. The neutral 
group contains hydrocarbons of the aro- 
matic series; namely, benzene and _ its 
homologues, naphthalene and anthra- 
cene. The crude tar may be used as such 
for some industrial purposes or is further 
fractionated by distillation into the fol- 
lowing distillates: (1) light oil—80—-170 
degrees C.; (2) middle or carbolic oil— 
170-240 degrees C.; (3) heavy or creosote 
oil—240-270 degrees C.; (4) green or 
anthracene oil—270-400 degrees C. 

The neutral tar distillates, used for in- 
secticidal purposes, are obtained from the 


7INSBURG & Driacers: CoAL 


Tar DistiLuaTEs As SPRAYS 395 
creosote and anthracene fractions. The 
term creosote, however, is generally ap- 
plied to tar distillates heavier than water, 
coming over above 200 degrees C. 
Mertuops aND Mareriats.—All the 
experiments here reported were conducted 
in two commercial orchards located in 
Marlton and Glassboro, N. J. Blocks of 
several varieties of apple trees (8 to 12 
per block) infested with eggs of aphid and 
European red mite were sprayed with 
dormant and delayed dormant sprays 
during four successive seasons, from 1934 
to 1937, inclusive. Spraying was done 
with a Bean power sprayer. Checks, or 
unsprayed blocks of each variety, were 
left for comparison. After the observa- 
tions were completed the check blocks 
were sprayed at the prepink or pink stage 
with lime sulfur and nicotine. The in- 
secticides tested consisted of various con- 
centrations of coal tar oil, combinations 
of tar and petroleum oils, and petroleum 
oil mixed with different proportions of 
cresylic acid. Both commercial and lab- 
oratory prepared emulsions of the oils 
were used. The coal tar oil was essentially 
a high boiling neutral fraction containing 
5 per cent tar acids, 2 per cent coke and 
3 per cent water. The petroleum oil was 
a paraffin, light lubricating distillate of 
the following specifications: Bé gravity, 
26-28; viscosity (Saybolt/100 degrees F.), 
110; boiling range, 650-770 degrees F. 
Observations on insects were made 
prior to the prepink spray, with the ex- 
ception of rosy aphids which were in some 
experiments also examined after the pre- 
pink spray. On aphids, a minimum of 100 
buds or more in each variety of each 
treatment was examined and the per cent 
buds free from live aphids recorded. For 
European red mite, 100 leaves or more in 
each variety of each block were examined 
under a magnifying glass and the total 
number of live mites noted. Usually the 
counts in each series of treatments, in- 
cluding the check blocks, were made on 
the same day. The results are reported 
separately for each year. The following 
varieties of apple trees were used: De- 
licious, Stayman, Wealthy, Rome, Winter 
Banana, Starr and Henry Clay. 
EXPERIMENTS IN 1934.—Delicious ap- 
ple trees in the Marlton Orchard infested 
with eggs of European red mite and 
aphids were selected for the tests. Two 
commercial emulsions of tar oil were used. 
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The sprays were applied on March 29, 
when the buds were still dormant. One 
block of 12 trees was sprayed with an 
emulsion containing 83 per cent straight 
tar, 6 gallons of the stock being used to 
94 gallons of water. This made approxi- 
mately 5 per cent of actual tar oil in the 
diluted spray. Another block of the same 
number of trees was sprayed with an 
emulsion containing 50 per cent tar oil 
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of foliage. The bark on the sprayed trees 
had a yellowish to brown appearanc 
This color was decidedly more pri 
nounced in the block treated with 5 per 
cent tar oil than on the trees sprayed wit}; 
the mixture of tar and petroleum oils. 
EXPERIMENTS IN 1935.—During this 
season four different dormant sprays were 
tested, in comparison with the delayed 
dormant spray, on three varieties of apple 


Table 1.—Effect of dormant sprays on all kinds of apple aphids, on three varieties of trees, in Mar!- 


ton Orchard, 1935. 





STAYMAN 
NUMBER 
oF TIME AND Per Cent 
SPRAY COMPOSITION Buds Buds Free 
Mix- OF SPRAY Exam- from 
rURI ined Live 
Aphids 
l ( heck (no oil spray Sv 6o 0 
2 Dormant 
Petroleum oil, 4° 180 97.2 
Cresylic acid, 0.57 
8 Dormant: 
Petroleum oil, 4° 180 97.8 
Cresylic acid, 1°; 
' Dormant 
Petroleum oil, 5% 180 96.1 
Cresylic acid, 0.5; 
5 Dormant 
Petroleum oil, 3° 180 99.1 
Tar oil, 2.4% 
6 Delayed Dormant: 
Petroleum oil, 3 180 90.0 
Cresylic acid, 0.5°% 
7 Delayed Dormant: 
Petroleum oil, 3°; 120 100.0 


Cresylic acid, 0.50% 
(Laboratory prepared 
emulsion 


and 33 per cent petroleum oil; again 6 
gallons of stock was mixed with 94 gallons 
of water. The diluted spray contained 3 
per cent petroleum oil and about 2 per 
cent tar oil. A third block was left un- 
sprayed and served as a check. About 200 
fruit spurs from each block were examined 
for aphids on the following dates: April 
12, 23 and May 11. No live aphids were 
found in the two treated blocks, but 


abundance of live oat and apple or green 
aphids were present in the check blocks. 
No injury whatsoever resulted either to 
the buds or the subsequent development 


WEALTHY Rome AVERAGI 

Per Cent 

Per Cent Per Cent Bups tn 

Buds Buds Free Buds Buds Free Aut Var 

Exam- from Exam- from ETIES Fre: 

ined Live ined Live FROM Livy 
Aphids Aphids Aputps 
240 76.3 2H) 67.1 67.8 
240 95.0 2h S80 93.4 
240 95.5 240 94.6 96.0 
210 97.6 210 97.6 97.1 
240 99.6 210 98.8 99.2 
20 97.5 180 95.0 94.2 
120 100.0 9 97.8 99 2 


trees. One series of sprays was run on 
seven blocks in the Marlton Orchard. 
A block consisted of two rows and con- 
tained from six to eight trees of each 
of the following varieties: Stayman, 
Wealthy and Rome, or a total of from 
18 to 24 trees. The dormant sprays were 
applied on March 20 and the delayed 
dormant during the first week in April. 
Observations on aphids were made on 
April 15. The composition of the spray 
mixtures and the results obtained are 
given in table 1. 

The observations on aphids disclose 
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that the cresylic acid plus petroleum oil 
sprays gave from 93.4 to 97.1 per cent 
control; the tar oil spray averaged 99.2 
per cent control for the three varieties, 
and the delayed dormant spray produced 
from 94.2 to 99.2 per cent control. The 
control of European red mite was prac- 
tically 100 per cent since no live mites 
could be found in any one of the sprayed 
blocks. On the other hand, the unsprayed 
blocks showed abundance of both aphids 
and mites. Most of the live aphids were 


Table 2.—Effect of dormant sprays on all kinds 
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ever, only oat and green aphids in large 
numbers were encountered, whereas rosy 
aphids are of greater economic impor- 
tance, it was felt that the results obtained 
during this year are not conclusive for 
spray recommendations. No tree injury 
from any one of the dormant sprays was 
observed. 

EXPERIMENTS IN 1936.—The tests car- 
ried out in 1935 were repeated in 1936 on 
the same three varieties of trees in the 
Marlton Orchard. The dormant sprays 


of apple aphids on Rome in Glassboro Orchard; 








1935. 
EXAMINED APRIL 16 EXAMINED APRIL 23 
NUMBER ° - — 
OF COMPOSITION TIME oF ; Per Cent ; Per Cent 
: Buds “ Buds " 
SPRAY OF SPRAY APPLICATION : Buds Free “a Buds Free 
Exam- : Exam- . 
MIXTURES : from Live . from Live 
ined : ined 
Aphids Aphids 
l Check (no oil spray 500 30.0 100 43.0 
2 Petroleum oil, 4° 
Cresylie acid, 0.5°; Dormant 100 99.3 150 100.0 
3 Petroleum oil, 4°; 
Cresylic acid, 1% Dormant 99.8 125 98.5 
t Petroleum oil, 5° 
Cresylic Acid, 0.5% Dormant 99.0 150 99.4 
5 Petroleum oil, 3°7 
Tar oil, 2.4% Dormant 400 99.3 125 100.0 
6 Petroleum oil, 3 Delayed 
Cresylic acid, 0.5% Dormant 400 95.0 125 99.2 





of the oat and apple species; very few 
rosy aphids were found. 

\ second series of tests with identically 
the same spray mixtures was run simul- 
taneously in the Glassboro Orchard on 
the Rome variety. The dormant sprays 
were applied on March 16 and the delayed 
dormant on March 27. Observations for 
live aphids were made on April 16 and 
again on April 23. The results are given 
in table 2. In this orchard, as in the other, 
the aphids were mainly of the oat and 
apple or green species. 

A comparison of the results from the 
two series of experiments indicates that 
of the dormant sprays either a mixture 
containing 3 per cent petroleum oil and 
2.4 per cent tar oil or one containing 4 
per cent petroleum oil and from 0.5 to 
| per cent cresylic acid gave control of 
aphids comparable to that obtained by 
the delayed dormant spray. Since, how- 


were applied on March 16 and the de- 
layed dormant on March 31. Counts of 
live aphids were made on April 7, 9, 15 
and 21. The aphid infestation was heavy 
on Stayman and Rome but very light on 
Wealthy. For this reason observations on 
Wealthy were not made. All three species 
of apple aphids were present this season, 
although the rosy was only about 15 per 
cent of the total. A summary of all the 
counts, presented in table 3, demonstrates 
that the dormant spray number 5, con- 
sisting of 3 per cent petroleum oil and 
2.4 per cent tar oil, gave the highest con- 
trol, averaging 97.6 per cent aphid-free 
buds. Spray 6, the delayed dormant, was 
a close second with 97.4 per cent. The 
other three dormant sprays proved less 
effective. 

On May 21 the Rome blocks and on 
June 9 the Stayman blocks were again 
examined exclusively for rosy aphids. The 
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Table 3.—Effect of dormant sprays on all kinds of apple aphids in Marlton Orchard, 1936.* 





NUMBER 
OF TIME OF 
SPRAY COMPOSITION OF SPRAY APPLICATION 
Mrix- 
TURE 
1 Check (no oil spray) — 
2 Petroleum oil, 4% 
Cresylic acid, 0.5% Dormant 
3 Petroleum oil, 4% 
Cresylic acid, 1% Dormant 
4 Petroleum oil, 5% 
Cresylic acid, 0.5% Dormant 
5 Petroleum oil, 3% 
Tar oil, 2.4% Dormant 
6 Petroleum oil, 3% Delayed 
Cresylic acid, 0.5% Dormant 





STAYMAN Rome AVERAGE 
Per Cent 
. . Bups Frer 
> 
Buds Per Cent Buds Per € ent FROM Live 
. Buds Free Buds Free 
Exam- . ¢xam- te APHIDS 
- from Live - from Live 
ined Aphi ined : IN Boru 
Aphids Aphids ie 
ARIETIES 
500 8.5 700 23.0 15.7 
200 79.0 500 85.5 82.3 
500 92.8 600 93.7 93.2 
500 96.2 600 93.4 94.8 
500 97.0 600 98.2 97.6 
200 98.5 500 96.2 97.4 





* The number of live aphids per infested bud ranged from 1 to 3 in the sprayed blocks and from 4 to 10 in the checks. 


results, presented in table 4, show 100 
per cent control from sprays 5 and 6 and 
about 78 to 91 per cent control from the 
other dormant sprays. 


Table 4.—Effect of dormant spray on rosy 
aphids in the Marlton Orchard 1936; 100 fruit 
spurs of each variety, in each block, were ex- 
amined. 





Starman Rome 
- —_——- Per Cent 
NuMBER T Per Cent Per Cent Spurs Free 
IME AND - ~ . . 
_ OF CoMmPposiTION OF Spurs Spurs rrom Live 
SPRAY Senay Free Free APHIDS IN 
Mixture : from from _ Bora 
Live Live VARIETIES 
Aphids Aphids 
l Check (no oil spray) 91 SO 85.5 
Dormant 
2 Petroleum oil, 4% 
Cresylic acid, 0.5% 82 85 84.5 
3 Dormant: 
Petroleum oil, 4° 
Cresylic acid, 1°; 78 S4 81.0 
‘ Dormant: 
Petroleum oil, 5°; 
Cresylic acid, 0.5°% 85 83 84.0 
5 Dormant: 
Petroleum oil, 3% 
Tar oil, 2.4% 100 100 100.0 
6 Delayed Dormant: 
Petroleum oil, 3° 
Cresylic acid, 0.5°% 100 100 100.0 





Rep Mitre.—A check-up on the Euro- 
pean red mite, Paratetranychus pilosus 
(C. & F.), was made on May 5 in Stayman 
and Wealthy varieties. The results, in 
table 5, show good control in all the 
sprayed blocks, ranging from 0 to 4 live 


mites per 100 leaves, whereas the check 
blocks had 50 and 126 live mites on the 
same number of leaves in the Wealthy 
and Stayman varieties, respectively. 


Table 5.—Effect of dormant sprays on Euro- 
pean red mite in the Marlton orchard, 1936. 








Ww A LTHY 








NuMBER Stoneman wi 
or Time AND - Ae: ae i 
Spray COMPOSITION OF SPRAY -_ — ~~ oy " 
Mixture Teenie + ate 
1 Check (no oil spray) 126 50 
2 Dormant: 
Petroleum oil, 4% 
Cresylic acid, 0.5°; 8 1 
3 Dormant: _ 
Petroleum oil, 4% 
Cresylic acid, 1°; 3 4 
Dormant: 
Petroleum oil, 5° 
Cresylic acid, 0.5°% 0 0 
5 Dormant: _ 
Petroleum oil, 3% 
Tar oil, 2.4% 0 
6 Delayed Dormant: 
Petroleum oil, 3% 
Cresylic acid, 0.5°% 0 0 
‘yr , . . 
[ree Insury.—No injury nor re- 


tardation to bud development could be 
noticed in any of the dormant sprayed 
blocks. Where the delayed dormant 
sprays were applied, appreciable injury 
occurred to fruit buds and early foliage of 
Stayman and Rome, but practically no 
injury was observed on Wealthy. This 
may be accribed largely to a sudden rise 
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Table 6.—Effect of commercial and home made tar oil sprays on aphids, on three varieties of apple 
trees in the Glassboro Orchard, 1937; 400 fruit spurs of each variety, in each block, were examined. 








Per Cent Spurs Free rrom Live ApHips 














Num- —__—__—_—— 
nER OF a lime oF Winter Banana Starr Henry Clay 
SPRAY Gena APPLICA- ——<$$_—$ ms 
Mrix- ; CATION Rosy Rosy All . 
wawesk All a All a -, Rosy 
TURE Aphids Aphids Aphids Aphids Aphids Aphids 
Apids Only Aphids Only Only “F 
l Check (no oil spray) 54.8 92.5 66.0 88.5 91.5 99.5 
5 Petroleum oil, 3% 
Tar oil, 2.4% Dormant 96.3 99.8 99.0 99.8 99.5 99.8 
(homemade emulsion) 
5 Petroleum oil, 3% 
Tar oil, 2.4% Dormant 98.0 99.8 99.8 100.0 99.5 100.0 


(commercial emulsion) 





in temperature during the last week in 
March which forced the buds on the early 
varieties before the spraying was com- 
pleted. 

In general, the results secured during 
this season clearly indicate that the dor- 
mant spray of 3 per cent petroleum oil 
and 2.4 per cent tar oil is superior to the 
other dormant sprays tested; it is as 
efficient as the delayed dormant spray in 
the control of the three species of aphids 
and has no injurious effects on the tree. 

EXPERIMENTS IN 1937.—A comparison 
was made between the commercial and 
homemade tar plus petroleum oil emul- 
sions. Three varieties, namely, Winter 
Banana, Starr and Henry Clay, in blocks 
of about 10 trees each, located in the 
Glassboro Orchard were sprayed early in 
March, when the buds were completely 
dormant. The homemade stock emulsion 
consisted, by volume, of 37 parts pe- 
troleum oil, 30 parts tar oil, 33 parts 
water and 1 part, by weight, of Goulac 
(sulphite lignin pitch) emulsifier. Eight 
gallons of this emulsion mixed with 92 
gallons of water gave the desired 3 per 
cent petroleum oil and 2.4 per cent tar oil. 
On April 28 and 29, shortly after leaves 
had formed, counts were made of buds 
showing all kinds of aphids and of fruit 
spurs showing rosy aphids. For this pur- 
pose, 400 spurs of each variety in each 


block were examined. The results, pre- 
sented in table 6, show no appreciable 
differences between the two emulsions. In 
ach case good control was secured with 
no noticeable injury to buds or foliage. 

SuMMARY AND ConcLusions.—Experi- 
ments were conducted with dormant and 
delayed dormant sprays to control aphids 
and European red mite on several varie- 
ties of apple trees. The dormant sprays 
consisted of emulsified neutral tar oils; 
emulsified petroleum and tar oils com- 
bined; and emulsified petroleum oil to 
which various concentrations of cresylic 
acid were added. The delayed dormant 
spray consisted of emulsified petroleum 
oil and 0.5 per cent cresylic acid. The re- 
sults obtained during the past four years 
in two commercial orchards suggest the 
following conclusions. 

Of the various dormant sprays tested, 
an emulsion containing 3 per cent pe- 
troleum oil and about 2.5 per cent neutral 
tar oil is equal in efficiency to the present 
New Jersey delayed dormant spray in 
controlling apple aphids and European 
red mite. It causes no noticeable injury 
or retardation to the buds. The dormant 
spray has an advantage over the delayed 
dormant spray in that it can be applied 
over a longer period of time. It has a dis- 
advantage in that its present cost is con- 
siderably higher.—1-7-38. 
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Evaluating Derris and Cube: 
The Question of Total Extractive Content 


Howarp A. Jones and W. N. Sutiivan, U.S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


It is generally agreed by investigators 
working with derris and cubé that both 
rotenone and total extractive content 
must be considered in the insecticidal 
evaluation of these roots, and several sug- 
gestions have been made for using the two 
quantities jointly in evaluating toxicity 
(Hoyer & Leonard 1936; Jones & Smith 
1936). 

There is, however, considerable varia- 
tion in the solvents and methods used by 
different laboratories for the determina- 
tion of the total extractive content. Ether 
is widely used both in this country and 
abroad, but with variations in the time of 
extraction. Carbon tetrachloride, benzene 
and, more recently, chloroform have been 
used in this and other laboratories. It is 
desirable to use a solvent that extracts all 
the toxic material, but as little nontoxic 
material as possible, so that the most 
nearly correct assessment of content of 
active material will be obtained. There- 
fore the writers studied this question with 


a view to selecting the best solvent and 
method for the determination. 


DETERMINING ‘TotaL EXTRACTIVE 
ContTeENT.—The methods of extraction 
tested included Soxhlet extraction for 


various periods, with several solvents, and 
both single extraction followed by alli- 
quoting and multiple extraction at room 
temperature with chloroform. The two 
last methods have been described in con- 
nection with the determination of rote- 
none (Jones & Graham 1938). Five-gram 
samples were used in all cases except in 
the aliquot method, in’ which larger 
samples were used but aliquots of the ex- 
tracts taken equivalent to a 5-g. sample. 
The amount of total extractive material 
was determined by drying the evaporated 
extract for 24 hours at 105 degrees C. In 
all cases except in the aliquot method, 
tests for completeness of extraction of the 
rotenone were made on the mares by 
extracting them with acetone and testing 
the acetone extract by the modified Dur- 
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ham color test as described in a previous 
work (Jones & Graham 1938). The results 
of this color test have been shown to be 
well correlated with toxicity to insects 
(Jones, Campbell & Sullivan 1935). 

The results of these extractions are 
shown in table 1. On examining first the 
percentages of extractives obtained with 
various solvents, it is seen that in the 
seven-hour Soxhlet extraction the per- 
centage of material extracted by carbon 
tetrachloride and ether was in general 
lower than that by most other solvents. 
Benzene also gave lower values in some 
eases. Values for chloroform, ethylene 
dichloride, trichloroethylene and ethyl 
acetate were of about equal magnitude. 
Acetone generally extracted more ma- 
terial than these, and methyl aleohol con- 
siderably more. When a sample of each 
root was extracted for an extended length 
of time with ether or benzene, the amount 
of material removed agreed with that ex- 
tracted by chloroform and other solvents. 
It has already been shown by other in- 
vestigators (Koolhaas & Meijer 1937) 
that exhaustive extractions with ether 
and benzene give about the same values. 

From the tests of the mares it is im- 
mediately seen that, in general, extraction 
of the rotenone by carbon tetrachloride 
and ether was far from complete in seven 
hours. Of the solvents giving about the 
same amount of total extractives, chloro- 
form was the only one that gave complete 
extraction from all samples. Acetone and 
methyl aleohol also gave practically com- 
plete extraction of the samples tested. Of 
those solvents that gave satisfactorily 
complete extraction of the rotenone, 
chloroform gave the lowest total ex- 
tractive content. From the standpoint of 
amount of total extractives as well as ease 
and completeness of extraction of rote- 
none, chloroform thus appears to be the 
most suitable solvent. 

Although results with chloroform at 
room temperature by the multiple-ex- 
traction procedure were on the average 
higher, and those by the aliquot procedure 
slightly lower, they were in general in 
accord with those by Soxhlet extraction. 

Toxicity DeterMINATION.—To deter- 
mine whether some toxic material not 
shown by the Durham color test remained 
in the roots after extraction, the mares of 
three samples each of derris and cubé 
were tested against mosquito larvae. 
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The mares from the seven-hour chloro- 
form extraction were allowed to dry at 
room temperature and were then ex- 
tracted for seven hours in a Soxhlet with 
acetone. The mares from this extraction 
were again dried and similarly extracted 
with methyl alcohol. Finally, the dried 
mares from the alcohol extraction were 
soaked in hot water for several days. 
Similar extracts were prepared of the 
mares from the chloroform, room-tem- 
perature, multiple-extractions of one 
sample of derris and one of cubé root. 
Acetone extracts were also made of the 
mares from Soxhlet extractions with ben- 
zene and ether for seven hours and for 
longer periods and with chloroform for a 
longer period, in each case on one sample 
of derris and one of cubé. 

These acetone, methyl aleohol and 
water extracts of the mares were concen- 
trated, and each was made to a volume 
of exactly 10 ce. Since the original sample 
of root weighed 5 g., 1 cc. of these extracts 
was equivalent to 500 mg. of plant ma- 
terial. This was the maximum concentra- 
tion obtainable without causing undue 
separation of solid matter from the ex- 
tracts. These extracts were then tested 
against mosquito larvae by the method of 
Campbell, Sullivan & Smith (1933) in a 
concentration of 0.2 ce. per 100° ce., 
equivalent to 1000 parts of the original 
root per million parts water. Rotenone, 1 
part per million, was used as a standard. 

The results are shown in table 2. Where 
the term “nontoxic” is used, the mor- 
talities were so low as to be insignificantly 
different from the checks. It will be noted 
that the average mortality from rotenone 
is approximately 50 per cent. Thus, at the 
concentrations used, if an extract con- 
tained any material as toxic as rotenone 
to an amount equivalent to 0.1 per cent 
of the root, a 50 per cent mortality would 
be expected. It will be noted that mares 
from the seven-hour chloroform extracts 
were nontoxic, except in the case of two 
derris samples. These two samples have 
a comparatively high ratio of rotenone 
to total extract, which has been shown in 
a previous work (Jones & Graham 1938) 
to make complete extraction of the rote- 
none more difficult. Even the methyl al- 
cohol extracts from one of these was 
slightly toxic. All other methyl alcohol 
extracts and all water extracts in this 
series were nontoxic. Acetone extracts of 
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the mares from prolonged chloroform ex- 
tractions of the two derris samples show- 
ing residual toxicity after seven hours 
treatment were much less toxic. Thus, for 
all practical purposes the toxic material 
even in these samples may be considered 
completely soluble in chloroform. Room- 
temperature miultiple-extractions with 
chloroform left more toxic material in the 
mares than did seven-hour Soxhlet ex- 
tractions. 

The mare from a seven-hour benzene 
extraction of a cubé sample was nontoxic, 
but that from a derris sample was rela- 
tively toxic. Mares from seven-hour ether 
extractions of both these roots were 
highly toxic, as might be expected from 
the chemical work. A longer benzene ex- 
traction of the derris root reduced the 
amount of toxic material left in the marc. 
Prolonged ether extraction reduced the 
toxic material in the cubé root to a low 
value; although it slightly reduced the 
toxic material in the derris sample, still 
left this sample highly toxic. 

No test was made of the final mares 
from the water extractions, because of the 
impracticability of obtaining sufficient 
concentrations of possible toxic ingredi- 
ents to be significant in tests with mos- 
quito larvae. It is unlikely, however, that 
any toxic material remained after ex- 
traction with the solvents used. 

Toxicity Resuits.—In a discussion of 
the toxicity results, it must be kept in 
mind that tests were made at a compara- 
tively high concentration; therefore, an 
appreciable mortality does not necessarily 
indicate a large amount of toxic material. 
Thus, mares from the seven-hour chloro- 
form extractions of two derris samples 
were appreciably toxic, while those from 
prolonged extraction were much 
toxic. Since the amount of material re- 
moved in the prolonged extraction was 
insignificantly different from that in the 
seven-hour extraction, for the determina- 
tion of total extractive content a seven- 
hour chloroform extraction would be en- 
tirely satisfactory. 

While mares from the chloroform, 
room-temperature, — multiple-extraction 


less 
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method were definitely more toxic than 
those from seven-hour Soxhlet extraction, 
the amount of total extractives by the 
former method was slightly higher on the 
average than that by Soxhlet extraction. 
The fact that the chloroform, room-tem- 
perature, aliquot method gives results 
only slightly lower than those by seven- 
hour Soxhlet extraction is of particular 
interest because a recent study (Jones & 
Graham 1938) has shown this to be the 
most satisfactory method of extraction 
for use in the determination of rotenone. 
It would therefore be convenient and 
time saving to determine the total ex- 
tractive content simultaneously with the 
rotenone content merely by taking a 
small additional aliquot of the filtered 
extract. 

Although the seven-hour, chloroform- 
Soxhlet extraction gives a more nearly 
accurate indication of the total extractive 
content, the room-temperature, aliquot 
procedure gives results agreeing closely 
enough with these to be satisfactory for 
practical purposes. 

The results in both tables 1 and 2 
readily demonstrate the much greater 
ease of extraction of cubé over derris root, 
which has already been mentioned in a 
previous work (Jones & Graham 1938). 
This is particularly evident in comparing 
the results on samples 3005 and 3307 in 
table 2. 

SUMMARY AND ConcLusions.—Of sev- 
eral solvents tested for the determination 
of total extractive content of derris and 
cubé roots from the standpoint of selec- 
tive extraction of the toxic material, 
chloroform was the most satisfactory. 
Soxhlet extractions for seven hours with 
this solvent gave satisfactorily complete 
extraction of the toxic material. Results 
by the room-temperature, aliquot pro- 
cedure were in fair agreement with these, 
although on the average slightly lower. 
Because of the convenience of the deter- 
mination, particularly when rotenone is 
being determined on the sample by the 
same method, the latter procedure is sug- 
gested as suitable for determination of 
total extractive content.—1-7-38. 
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Effect of Addition of Oil on the Toxicity to Plant Bugs of 
Derris and Other Insecticides 


Rosert A. Fuuton and Neace F. Howarp, U.S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


Certain large plant bugs, such as the 
squash bug, Anasa tristis (De G.), the 
harlequin bug, Murgantia  histrionica 
(Hahn), and the southern green stinkbug, 
Nezara viridula (L.), have been difficult 
to control with known insecticides. White 
& Brannon (1933) concluded that derris 
extract was the most efficient of materials 
tested against the harlequin bug. 

Lightbody & Mathews (1936a) have 
found that rotenone dissolved in olive oil 
is much more toxic to white rats when 
given orally than when given as the solid 
or in suspension. The same authors 
(1936b) also found that, when young 
adult white rats are fed extracts from 
derris or cubé root powders in olive oil 
solution, the toxicity is greater than 
would be expected on the basis of the 
rotenone content. 

Laboratory tests were performed by the 
writers to determine if the toxicity of the 
derris powder in water to plant bugs 
could be increased by the use of oil emul- 
sions. Oil emulsions were also used with 
acetone extract of derris, with suspensions 
of derris that had been covered with ace- 
tone for 24 hours, and with three other 
insecticides commonly used against plant 
bugs: free nicotine, nicotine sulfate and 
anabasine sulfate. A few tests were made 
with pyrethrum and with derris dusts. 

Oils with varying drying properties 
were selected. Tung oil, teaseed oil and 
corn oil were purchased on the open 
market; the others were of U. S. P. 
quality. Oil of petrolatum (heavy) was 
used to represent the paraffin hydro- 
carbon series. 

Technical sodium lauryl sulfate was 
used as the emulsifying agent in all the 


tests except those involving acetone, 


when triethanolamine oleate was substi- 
tuted. 

The derris powder used in the tests 
contained 4.5 per cent of rotenone and 
14.5 per cent of carbon tetrachloride ex- 
tractives, as determined by the Division 
of Insecticide Investigations of the Bu- 
reau of Entomology and Plant Quaran- 
tine. 

PREPARATION OF THE EMULSIONS. 
The oil emulsions with derris were pre- 
pared with the following quantities: Tech- 
nical sodium lauryl sulfate, 0.1) gram 
(0.3 gram in some tests); water, 5 ml.; oil, 
2 ml. (4 ml. for 2 per cent emulsions); 
derris, 0.44 gram (for spray of 0.01 per 
cent rotenone content); and water to 
make 200 ml. unless otherwise noted. 
The sodium lauryl sulfate and water were 
stirred with an electric mixer until the 
former was completely dissolved. The 
measured quantity of the oil was then 
slowly added and the mixture was stirred 
for several minutes until an emulsion was 
obtained. The derris was introduced and 
the mixture again stirred. Water was then 
added to obtain the desired dilution. 

The derris in acetone was prepared by 
mixing 0.555 gram of derris with 5 ml. of 
acetone and allowing it to stand for 24 
hours before adding the other materials. 

The triethanolamine oleate used in the 
derris-acetone emulsions was made by 
stirring together equal volumes of tri- 
ethanolamine and oleic acid in the mixer. 
It was used at the rate of 0.2 ml. to 200 
mils. of the final solution. 

The oil emulsions incorporating free 
nicotine, nicotine sulfate and anabasine 
sulfate were prepared by the same pro- 
cedure as described for derris, and were 
all prepared from 40 per cent solutions. 
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Fig. 1. 


A: Side view of sheet of cork with slots cut to fit thorax of large milkweed bug. B: Top view 


of cork, showing bugs in place on one edge, and chilled slab below. 


Since a large quantity of foam was 
usually present on top of the emulsion, 
the sample to be atomized was removed 
with a pipette. 





Top view of cork holder (enlarged), show- 
ing bugs and metal barrier to prevent legs from 
spreading insecticide placed on abdomen. 


Fia. 2. 


Test Insects.—Since sufficient adults 
of the squash bug, A. tristis, were avail- 
able during only a short period in the fall, 
and the large milkweed bug, Oncopeltus 
fasciatus (Dall.), can be reared easily in 
large numbers on milkweed seeds, the 


latter species was selected as a test insect 
for the perfection of the technique and to 
obtain some knowledge as to the effective- 
ness of known insecticides against plant 
bugs (Simanton & Andre 1935). When 
squash bugs became available in large 
numbers they were used in these experi- 
ments. 

CaGce Tests witu SquasH BuGs.—One 
per cent oil emulsions were used in all the 
tests with the squash bug. Fifty bugs were 
confined in a screen cylinder approxi- 
mately 10 inches high and 6 inches in 
diameter made of 16-mesh wire cloth and 
placed on a revolving table. Fifteen milli- 
liters of the insecticide were sprayed with 
an atomizer at a constant pressure of 10 
pounds, the nozzle being raised and 
lowered at a uniform rate. The bugs were 
immediately removed to screen cages 6 by 
6 inches and placed in a constant tempera- 
ture cabinet, which was held at 80 degrees 
F. and either 40 or 70 per cent relative 
humidity for the duration of the test. 
Mortality records were taken at 24-hour 
intervals. No food or water was provided 
for the duration of the test. Some tests 
were discontinued after 48 hours, the 
majority after 72 hours. 

Tests wits InprvipuaAL MILKWEED 
Bues.—A concentration of 0.01 per cent 
rotenone was used in all the tests with 
derris against the large milkweed bug. 
Both 1 and 2 per cent emulsions and two 
concentrations of emulsifying agent were 
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used. Individual bugs were treated with 
measured doses from a special pipette 
(Nelson et al. 1934). A special holder was 
made by cutting trapezoidal slots in 
sheets of cork or balsa wood, fig. 1. A bug 
was placed in each slot, which held the 
thorax, leaving the legs free and the ab- 
domen projecting over the edge. A small 
metal barrier, fig. 2, prevented the bug 
from reaching the abdomen with its legs, 
and thus any loss of insecticide or con- 
tamination of any other part of the body 
was prevented. The wings of the bug after 
it was placed in the slot were moved 
slightly so that they would not cover the 
abdomen. 

Before these tests were begun, an excess 
number of bugs was removed from the 
source cages and chilled for 20 minutes in 
the refrigerator to facilitate handling. 
Individuals were then removed at random 
from the chilled vessel and placed in the 
holder, barriers were adjusted and, when 
the holder board was filled, the unit was 
placed for 30 minutes in the constant 
temperature cabinet which was kept at 
80 degrees F. and 50 per cent relative 
humidity. 

A measured dose of insecticide was ap- 
plied to the dorsal side of the abdomen of 
each insect by means of a pipette, fig. 3. 
The pipette was made by fusing a capil- 
lary tube to a thin walled glass tube and 
grinding a plunger to the diameter re- 
quired to fit the thin walled tube. It was 
calibrated and found to deliver 0.0123 ml. 
of liquid. The dose was taken from the 
stock solution while the mixer was run- 
ning at slow speed in order to obtain a 
true sample of suspended particles. The 
average weight of the milkweed bug was 


Pipette and plunger for application of a measured dose of insecticide to a single bug. 


found to be 63.8 mg., and the amount of 
rotenone applied to each individual was 
3.1 micrograms. 

Immediately after treatment of the 
bugs, the boards with the bugs were 
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mae wae Se SS 
t NE ois « T + PEANUT Ou ids 
ARIS O1245% ROT 
} 
RIS + ACETONE 2125 ROT ] 
| DERRIS + ACETON Oi2S¥. ROT. + Ol PETROL 
DERRIS - ACETONE E S075 % ROT + PEANUT Ou |] 
J 


75 % ROT + OW PETROL) 


| DERRIS - ACETONE EXT. CO75% ROT 
} . , 
40% NICOTINE SULFATE 100 + PEANUT On | 
40% NICOTINE SULFATE |- 100 + WETTING AGENT 
[SOX NICOTINE SULFATE 100 + TEASEED O11] 
f 40% NICOTINE SULFATE 1-100 + OLIVE OW } 
@O% FREE NICOTINE 1-100 + PEANUT OW | 


] 40% FREE NICOTINE 1-100 + WETTING AGENT 
[SO % ANABASING SULFATE | 200 + PEANUT OF | 
} . Ss 
[] 40% ANABASINE SULFATE 1-200 + WETTING AGENT 
t , , 

DERRIS O25% ROT + PEANUT OL 
DERRIS O25% ROT. + WETTING AGENT 


T] UNTREATED CHECK 














Fig. 4.—Results of a number of tests with derris, 
nicotine and anabasine, used with and without oil 
emulsions, against the squash bug. 


placed in the constant temperature cabi- 
net, as was done with the cages in the 
tests with squash bugs. They were con- 
fined thus for two hours to insure drying 
of the material and were then removed 
from the holders and placed in cylindrical 
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Table 1.—Toxicity to adult squash bugs of derris, anabasine sulfate, nicotine, nicotine sulfate and 
pyrethrum when used in emulsions with certain oils. 





80° F. ann 40° 80° F. anp 70% 
Revative Houmipriry Revative Houmipiry 
DiLeTIion Dead Dead Dead Dead 
MATERIA! WATER SPRAY Ou Appep!' Bugs After After Bugs After Bugs After 
Un cess Notrep Used, 48 72 Used, $8 Used, 72 
Num- Hours, Hours Num- Hours, Num- Hours, 
ber Per Per ber Per ber Per 
Cent Cent Cent Cent 
Derris 0.025°; rotenone No oil or wetting agent 300 1 2 356 3 153 1 
Tung 101 2 101 3 
Teaseed 101 15 18 102 18 102 22 
Corn 101 5 s 101 18 101 15 
Peanut 250 56 68 352 58 150 65 
Olive 101 26 35 101 20 101 31 
Petrolatum 101 19 24 99 16 99 18 
Wetting agent only 200 1 3 101 6 101 7 
Sov bean 97 8 97 4 
Check (no treatment) 100 I , } 1 100 I 
Derris-acetone extract 0.015 rotenone No oil or wetting agent 102 100 100 
Peanut 101 100 100 
Petrolatum os 100 100 
0.0075"; rotenone No oil or wetting agent 102 ‘9 78 
Peanut 99 54 S4 
Petrolatum 100 Ay} 79 
Derris plus acetone 0.0125 rotenone No oil or wetting agent 100 St 90 
Peanut oil 102 95 97 
Petrolatum 100 s+ 87 
Derris 0.0125°) rotenone No ol or wetting agent 100 2 2 
Acetone- water 2.5 spray No oil or wetting agent 101 l 2 
Check (no treatment) lel r 
Derris dust plus wetting 0.75 rotenone 
agent 52 ‘ 6 
Check (no treatment 7 g : 
Anabasine sulfate 1 200 No oil or wetting agent 252 3 4 253 7 151 s 
Peaseed 152 43 2 100 47 100 51 
Corn 149 32 18 101 iS 101 36 
Peanut 250 58 66 253 66 151 67 
Olive 152 rd 40 101 } 101 37 
Petrolatum 153 11 15 101 9 101 12 
lung 101 4 7 101 9 101 9 
Wetting agent only 200 ; ‘ 101 ‘ 101 ‘ 
Check (no treatment 151 ) ; g 51 , 
Free nicotine 1-100 No oil or wetting agent 252 l 1 100 3 149 4 
leaseed 149 25 40 101 28 101 $1 
Corn 150 9 11 100 12 100 17 
Peanut 251 47 69 04 61 151 63 
Olive 151 5 9 103 10 103 14 
Petrolatum 151 1 l 100 9 100 10 
Tung 154 6 10 102 . 102 14 
Wetting agent only 249 2 $ 150 ‘ 100 8 
Check (no treatment , 2? ? \9 ( AY) 0 
Nicotine sulfate 1-100 No oil or wetting agent 99 16 20 99 14 99 19 
Teaseed 101 70 72 101 71 101 78 
Corn 1038 19 21 101 15 101 15 
Peanut 100 63 71 100 SI 100 S83 
Olive 101 65 67 100 wt) 100 61 
Petrolatum oy 15 16 100 15 100 17 
rung 97 9 10 Os 11 ON 14 
Wetting agent only 101 23 sth) 101 24 101 27 
l Soap chips 101 50 56 101 5 101 9 
Cheek (no treatment 100 l } } Ww 
Pyrethrum-acetone ex 0.02135°) pyre 
tract thrins I and II 1°) soap chips 11) o 0 
0.0106 pyre 
thrins I and Il I; soap chips 1 74 78 
0.0053", pyre 
thrins I and II 1°} soap chips oo 55 55 
Commercial pyrethrum Dust 
dust 1 part, tale 5 parts 51 8S 76 


Check (no treatment 0 





Technical sodium laurv! sulfate used as an emulsifying agent with all oi! sprays except those containing the derris-acetone 


extract, where triethanolamine oleate was used 
Pechnical sodium oley! sulfate 
Commercial! white floating soap chips 
Some bugs counted as dead recovered 
Manufacturers claim 2 per cent pyrethrins I and II 


screen cages. A piece of moist cotton ina — were able to reach with their mouth parts 
watch glass covered with a wire screen but not with other parts of the body. 
provided water, which the individuals Discussion or Resutts.—The results 
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ibtained with the squash bug are pre- 
ented in table 1 and also partially in 
lig. 4. To summarize briefly: the toxicity 
of derris, nicotine, nicotine sulfate and 
anabasine sulfate was markedly increased 
by the use of oils, especially peanut oil. 
\lso, the toxicity of derris was greatly in- 


Table 2.—Toxicity tests with measured doses 
bugs. 
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so resistant to insecticides as is the squash 
bug, and it is relatively more susceptible 
at the higher humidity. In the few tests 
with the milkweed bug presented here 
it appears that mineral oil is practically 
as effective as the peanut oil, but this was 
not the case in tests with the squash bug. 


of derris'-oil mixtures on individual milkweed 





CONCENTRATION CONCENTRATION RELATIVE Bi Deap Drab 
or OWL IN or Soptum Lav- Humiprry v pox Arrer 24 Arter 48 
MIXTURE, RYL SULFATE, (80° F.), Ou ~ a Hours, Hours, 
Per Cent Gram Per Liter Per Cent ‘NUMBER Der Cent Per Cent 

1 0.3 50 None, wetting agent only 100 8 55 
Corn 100 9 62 
Cottonseed 100 12 73 
Petrolatum 100 14 $1 
Peanut 100 56 94+ 
Olive 100 11 78 
Linseed 100 11 66 
Check (no treatment 100 0 1 
2 0.3 0 None, wetting agent only 101 9 58 
Corn 99 11 66 
Cottonseed 102 19 95 
Petrolatum 108 21 97 
Peanut 105 S4+ 100 
Olive 101 17 82 
Linseed 9S 16 83 
Check (no treatment 101 0 0 
I 0.1 70 Petrolatum 148 100 
Peanut 149 100 
Teaseed 152 100 
None, wetting agent only = 146 76 
( he ck (no treatment) 151 6 
1 0.3 50 None, wetting agent only 55 25 62 
Peanut 54 90 100 
Crude peanut 51 oF 100 
Peanut oil fatty acids 56 8S 100 
Peanut oil, without derris 50 14 18 
Crude peanut oil, without 
derris 52 34 36 
Peanut oil fatty acids, 
without derris 55 35 ik 
Check (no treatment 6 0 2 








Phe rotenone content of all the sprays containing derris was 0.01 per cent 


creased when acetone was added to the 


powder 24 hours before use, and _ still 
further increased when peanut oil was 
used. Freshly prepared derris extract was 
very effective. The vegetable oils in- 


creased the toxicity a much greater degree 


than the mineral product. 
The results obtained with the milkweed 


bug are given in table 2. The insect is not 


However, all of the oils increasethe toxic- 
ity of derris. 

Foliage tests in the field on five varie- 
ties of half grown squash plants indicate 
that two applications of sprays containing 
derris (0.015 per cent rotenone) and 1 
per cent of one of the following oils were 
not injurious to the plant: olive, peanut, 
tea-seed and petrolatum.— 1-7-38. 
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The Particle Size of Commercial Insecticidal Sulfurs 
as Determined by Sedimentation Analysis 


Lye D. Goopuur, U.S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


It is now generally agreed that the in- 
secticidal and fungicidal efficiency of 
powdered sulfur is dependent on the state 
of subdivision. Wilcoxon & McCallan 
(1931) showed by laboratory tests that 
the fungicidal action of sulfur is directly 
proportional to the number of particles 
in a given area. Tests against the citrus 
thrips, Scirtothrips citri (Moult.), by 
McGregor (1931, 1934) show that the 
finer sulfur dusts are most effective. Also 
it has been stated by Young & Tisdale 
(1929) and by Streeter & Rankin (1930) 
that particles larger than 27 microns in 
diameter (theoretical 600 mesh) are of no 
value, since they will not adhere to plant 
foliage. 

The demand for finer sulfur dusts led 
to the need for a practical means of 
measuring the particle size. A frequently 
used means of estimating fineness is to 
sieve through a 325-mesh screen, but this 
does not give definite information con- 
cerning the relative proportions of the 
sizes below 45 microns, commonly be- 
lieved to be most effective. Actual counts 
under the microscope give fairly reliable 
information, but the method is too time 
consuming to be suited for routine deter- 
minations. Information on the subsieve 
fineness, similar to that obtained by direct 
microscopic measurement, can be ob- 
tained by sedimentation analysis, but 
this method has been used very little for 
sulfur. 

Two preceding papers have recorded 
the particle size of commercial calcium 
arsenates (Goodhue 1937) and Paris 
greens (Goodhue & Gooden 1937) as de- 
termined by sedimentation analysis. In 
this paper the method is applied to the 
commercially available insecticidal sul- 


furs. The percentage passing a 325-mesh 
screen has also been determined for com- 
parison with a nearly corresponding frac- 
tion obtained by sedimentation. The 44 
samples examined were obtained from 16 
manufacturers. All but two of the samples 
(nos. 31 and 32) were either pure sulfur 
or sulfur containing about 5 per cent inert 
material, which is usually added as a 
conditioning or wetting agent. 

ParTicLeE Size Distrisution.—The 
sedimentation apparatus and the pro- 
cedure reported by Goodhue & Smith 
(1936) were used for the mechanical 
analysis. The sedimentation was carried 
out in 50 per cent ethyl alcohol main- 
tained at 30 degrees C. by a controlled 
water bath. A mixture of saponin and 
ammonium caseinate in slightly ammoni- 
acal solution was found to be a good dis- 
persing agent and stabilizer for all the 
various types of sulfur regardless of the 
foreign material present. 

Since dispersion and stabilization are 
very important in a sedimentation analy- 
sis, and particularly so with sulfur, com- 
plete details of the method of dispersion 
will be given. 

The dispersing apparatus consists of a 
brush, with soft bristles about three- 
fourths inch long, which revolves in a 
dented test tube about seven-eighths inch 
in diameter, the top of which is fused to 
a funnel made by blowing the bottom out 
of a 250 cc. Erlenmeyer flask. Except for 
the dents in the tube this apparatus is 
similar to the one used by Wagner (1933) 
for the dispersion of cement samples. 
A sample of the correct weight to give 
about a 1 per cent suspension in the 
sedimentation apparatus (4 grams in 400 
cc.) is placed in the dispersing tube, and 
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Table 1.—Particle size distribution and percentage above 325 mesh in sulfur insecticidal samples. 








Per- PerRcENTAGE Between INDICATED DIAMETERS 
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10 cc. of water is added from a pipette. 
The brush is introduced and run from 
four to five minutes at the rate of 800 
revolutions per minute. 

A sample containing a wetting agent 
can be dispersed without the addition of 
the other wetting agents. As a stabilizer 
a mixture containing 2.5 cc. of 4 per cent 
saponin solution in 50 per cent alcohol, 
2.5 ec. of 4 per cent ammonium caseinate 
suspension in 50 per cent aleohol and 5 
drops of ammonia (sp. gr. 0.90) is slowly 
added near the end of the dispersion 
period. If the sample does not contain a 
wetting agent, a small portion of this 
mixture must be added at the beginning 
of the stirring, and the remainder near 
the end. The dispersed sample is quanti- 
tatively transferred to the sedimentation 
apparatus, diluted to the proper volume 
and mixed. Ten cubic centimeters of 95 
per cent alcohol must be placed in the 
sedimentation apparatus to offset the 10 
ec. of water used in the dispersion. The 
procedure from here is given in the article 
already cited (Goodhue & Smith 1936). 

If the mechanical action is vigorous 
enough to give good dispersion, there is 
always the possibility of grinding. In this 
method, however, the action of the brush 
appears to be primarily one of dispersion. 
For example, the same sample gave nearly 
identical results when brushed two and a 
half, five and ten minutes. Also a micro- 
scopic comparison of dry dusted slides 
with those dispersed by this method 
showed about the same number of large 
particles, although the number of very 
small particles was much greater in wet 
dispersion. 

A method similar to that proposed by 
Odén (1916) was used to calculate the 
particle size distribution. For this purpose 
the density of each sample was deter- 
mined in 95 per cent alcohol. Only four of 
the samples varied more than 0.03 from 
2.07 grams per cubic centimeter, which ts 
the theoretical density for the rhombic 
form; for these the densities were as fol- 
lows: no. 20, 1.96; no. 40, 2.13; no. 42, 
2.14; and no. 23, 1.93 grams per cubic 
centimeter. Seven samples were run in 
duplicate to indicate the precision that 
can be expected. Variations as much as 
$ per cent from the mean sometimes oc- 
cur. This is attributed to the method of 
calculation; the actual sedimentation 


curves check closely (2 per cent or better). 
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PERCENTAGE Passinc A 325-Mesu 
Sirve.—A 5-gram sample in 10 cc. of 
95 per cent alcohol saturated with sulfur 
was dispersed by brushing five minutes 
in the apparatus described above. The 
dispersed sample was quantitatively 
transferred to a 325-mesh A.S.T.M. sieve, 
and the fine particles were washed 
through with saturated 95 per cent aleo- 
hol while being gently stirred with a soft 
brush. The dispersion was so nearly com- 
plete that very little aleohol was required. 
The coarse material was transferred to a 
sintered glass crucible, dried and weighed. 
The results are expressed as the per- 
centage that does not pass a 325-mesh 
sieve, to permit comparison with the 
similar fraction (above 40 microns) ob- 
tained by sedimentation analysis. Checks 
to less than 0.5 per cent are usually ob- 
tained unless 20 per cent or more of the 
sample is above 325 mesh, in which case 
the precision is about 1 per cent. 

Loose BuLkinc Vatur.—The 
bulking value gives a rough measure of 
the particle size for some insecticides. For 
these samples of sulfur the values ranged 
from 303 to 73 cubic inches per pound. 
In general the finer materials gave the 
highest bulking value, but the correlation 
with the particle size by sedimentation 
analysis or with the values obtained with 
a $25-mesh sieve was so poor that the 
figures are not given. 

ANGLE OF SLope.—Wilcoxon & Me- 
Callan (1931) measure the base angle of 
a cone formed by allowing dust to flow 
through a funnel supported above the 
center of a metal disk. When no greater 
altitude is gained by further addition of 
dust, the angle of slope of the pile is eal- 
culated. This angle gives the relative 
dustability of finely divided materials. 
Dusts that flow easily and disperse well 
give a low angle of slope. This is im- 
portant in dusting sulfurs. As determined 
on these samples, the values vary from 
about 40 degrees for the best conditioned 
sulfur to 70 degrees or more for the un- 
treated samples. There appears to be no 
correlation with particle size in a group 
of samples as varied as this one. 

Discussion or Resutts.—The results 
on the 44 samples of sulfur are given in 
table 1. The graphical method of pre- 
senting the data on the particle-size dis- 
tribution is very useful as a means of 
comparing the fineness unless the number 
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of samples is too large to be presented on 
one graph. In fig. 1, 11 samples scattered 
over the entire range are compared. They 
include all the finest samples, some me- 
dium, and some coarse samples. The 
curves at the upper left represent the 
finest samples and those at the lower 
right the coarsest. Considerable variation 
in particle size is indicated, but the 
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a large proportion of very coarse material. 
The class of pure flowers of sulfur is 
variable; some samples contain consider- 
able fine material while others contain 
very little. The last class is a group of 
mixtures showing considerable variation 
in particle size distribution because of 
variations in the components. The only 
dried flotation sulfur is in some of these 
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largest number of samples are about 
medium and appear in the range between 
nos. 11 and 3. 

For convenience in discussing the re- 
sults, the 44 samples are divided into six 
classes according to the method of manu- 
facture. As would be expected, the col- 
loidal suspensions have the largest per- 
centage of material below 10 microns in 
diameter. The flotation pastes are very 
fine, but not so fine as the colloidal sus- 
pensions. Next in order and still very fine 
are two samples, nos. 4 and 5, made by a 
special process. The ground sulfurs are 
next in order and are in general about 
medium in this group of samples. How- 
ever, no. 24, a pure ground sulfur, is one 
of the finest in this class, even approach- 
ing nos. 4 and 5. This indicates that a 
very fine sulfur can be produced by this 
method. Two samples of ground crude 
(commercial) sulfur, nos. 31 and 32, have 


mixtures, and it appears to increase the 
amount of fine material. Except for 
sample no. 38, this group is about medium 
or slightly finer in particle size. 

If the samples were judged by the per- 
centage passing or retained on a 325-mesh 
screen, the picture would be very differ- 
ent. Under identical conditions where 
only the grinding time is varied, these re- 
sults should have some significance, but 
for samples prepared by different meth- 
ods, or by a similar method in the hands 
of different manufacturers, such a com- 
parison may be entirely misleading. For 
example, no. 5 has 6 per cent above 325 
mesh and 89 per cent below 10 microns. 
This might lead one to believe the sample 
is as coarse as no. 38, with 5.4 per cent 
above 325 mesh and only 11.5 per cent 
below 10 microns. Sample no. 33 has only 
0.2 per cent above 325 mesh; yet it is 
very coarse, with only 14 per cent below 
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10 microns. Nos. 32 and 37 have as much 
as 20 and 24 per cent, respectively, above 
325 mesh but still have 38 and 35 per 
cent below 10 microns. 

As was expected, the percentage above 
$25 mesh is in fair agreement with the 
coarsest fraction (above 40 microns) by 
sedimentation. Although these two frac- 
tions cannot be directly compared because 
of variations in the screen (Dunn 1930; 
Fritts 1937), the results by sieving serve 
to some extent as a check on the sedi- 
mentation analysis. 

The method of determining the particle 
size distribution by sedimentation analy- 
sis as reported in this paper appears to be 
the most practical means of estimating 
the fineness of a sulfur sample. As com- 
pared with the method of direct measure- 
ment under a microscope this method has 
many advantages, especially with respect 
to time consumed, the chance of getting 
an average sample, and even the accuracy 
of the results. The advantages of sedi- 
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mentation analysis have already been 
pointed out and discussed fully by 
Borchers & May (1935). 

Summary.—The particle size distribu- 
tion in 44 samples of commercial insecti- 
cidal sulfur has been determined by sedi- 
mentation analysis. A new method of dis- 
persion in which is used a wetting agent 
composed of a mixture of saponin and 
ammonium caseinate in ammoniacal 50 
per cent alcohol was found to give very 
good results on a wide variety of samples. 
The flotation pastes and suspensions of 
colloidal sulfur were found to contain the 
most fine material. A material made by 
special process ranks next. Except for two 
coarsely ground crude samples, the 
ground sulfurs fall in about a medium 
fine class. The sublimed flowers are vari- 
able and may be either fine or coarse. 
The percentage through 325 mesh was 
found to give very little indication of the 
amount of very fine sulfur in a sample.— 
1-7-38. 
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Conditioning Agents for Increasing the Effectiveness of 
Rotenone-Bearing Dusts Against the Pea Aphid* 


T. E. Bronson and J. E. Duptey, Jr., U. S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


The first field tests made at the labora- 
tory at Madison, Wis., in 1935 with a 
derris dust mixture against the pea aphid, 
(Illinoia pisi (Kltb.), on canning peas 
were not completely satisfactory. Now 
and then a test resulted in satisfactory 
control, but the majority of tests resulted 
in mortalities of approximately 50 per 
cent. This dust mixture was composed of 
ground derris root containing various per- 
centages of rotenone, with one of two 
types of clay as the diluent. Since 1935 
only tale has been used as the diluent for 
derris or cubé dust mixtures in experi- 
ments reported in this paper. Derris was 
used exclusively in the greenhouse experi- 
ments reported in this paper, whereas 
both derris and cubé were used in field 
experiments. 

It occurred to the authors that the 
addition of a small quantity of some 
spreading and wetting agent to the derris 
dust mixture might so condition it as to 
make it spread more uniformly on the 
plants, improve its hygroscopic qualities 
and increase its effectiveness against the 
aphid. 

GREENHOUSE EXPERIMENTS.—Experi- 
ments were begun in the winter of 1935 in 
the greenhouse. In these experiments, 
small quantities of a spreading and wet- 
ting agent greatly diluted in water were 
incorporated in a derris-tale mixture by 
employing a mortar and pestle, after 
which the mixture was spread on papers 
in a thin layer and partially dried out. In 
1936 a power rotary mixer containing 
stones was devised, with which larger 
quantities of dust could be mixed (Bron- 
son 1936). In 1937 a still larger dust 
mixer, fashioned from a concrete mixer, 
was built. With this apparatus it is pos- 
sible to mix at one time as much as 60 
pounds of dust or as little as 10 pounds, 
and it is a simple operation to atomize 
conditioners, very slightly diluted with 
water, into the ingredients while they are 
being mixed. When such a dust mixture 
is thoroughly prepared, it is slightly damp 

* The experiments reported upon in this paper were performed 


in cooperation with the Wisconsin Agricultural Experiment 
Station. 


but does not need to be dried before use. 

In greenhouse experiments all derris 
dust mixtures were made up to contain 
0.4 per cent of rotenone. This relatively 
low rotenone content was necessary in 
order to demonstrate significant differ- 
ences between a plain dust mixture and 
several conditioned mixtures. Thus, the 
greenhouse group of experiments was not 
designed primarily to find out the effect 
of derris upon the pea aphid, but to study 
the supplementary effect upon the aphid 
of spreading and wetting agents and of 
other toxic materials incorporated in a 
derris dust mixture. 

Results obtained in 1936 and 1937 with 
these conditioned derris dust mixtures 
under greenhouse conditions were very 
satisfactory. A consistently higher per- 
centage of aphids was killed in a shorter 
period of time than had been possible be- 
fore conditioners were employed. 

The aphid mortality obtained with 
these dust mixtures was not rapid as a 
rule for the first few days after they were 
applied, but it progressed until after a 
period of five to seven days such mor- 
tality averaged close to 90 per cent. In the 
field the mortality usually attained 90 per 
cent or over in approximately two days. 

Because of a realization by the authors 
of the advantage under commercial condi- 
tions of even more rapid aphid mortality 
than had already been experienced with 
these conditioned derris dust mixtures, a 
new group of experiments was begun. 
Nicotine, pyrethrum and other toxic ma- 
terials, such as aliphatic thiocyanates, 
were added to conditioned derris or cubé 
dust mixtures in the belief that such ma- 
terials might increase the effectiveness of 
the dust mixtures still further. These ex- 
periments were conducted in the green- 
house first and later in the field. 

In general, under greenhouse conditions 
the results obtained with nicotine and py- 
rethrum as added toxic materials to a con- 
ditioned derris dust mixture were satis- 
factory, and each dust mixture effected 
a mortality ranging from 75 to 100 percent. 

The addition of a proprietary aliphatic 
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Table 1.—Summary of results of 29 groups of tests with derris dust mixtures against the pea aphid 
on potted peas in the greenhouse, Madison, Wis., March, 1936, to March, 1937. (Talc was employed 


as the diluent for all the dusts. ) 





AVERAGE Per Cent 


r Tora. 
NUMBER \,; MortTatity or 
Group om ; NUMBER 
TREATMENT OF Apuips ArTrer 
No. oh oF 
Tests \PHID 
APHIDS . 
2 days 5 days 
l Derris dust (0.4°% rotenone); an aliphatic thiocy- t 548 97.0 99.0 
2 anate, 1.59); a sodium oleyl sulphate, 1% $ 504 100.0 100.0 
FS 5 245 85.0 100.0 
‘ 5 $50 92.0 98.0 
5 13 1755 98.0 100.0 
6 4 610 90.5 100.0 
7 ll 1706 93.5 
Ss t 505 97.0 98.0 
Totals and ave rages, groups I-S 50 6323 94.0 99.0 
ot) Derris dust (0.40) rotenone), a 50° solution of free 12 1465 92.0 92.0 
10 nicotine, 1}; a sodium oleyl sulphate, 1%); water, 9 1315 91.0 91.0 
a /- 
Totals and averages, groups 9-10 21 2780 91.45 91.5 
11 Derris dust (0.4°) rotenone); a concentrated pyre- 8 1500 85.0 88.0 
thrum extract (4.39% pyrethrins), 20); a sodium 
oleyl sulphate, 1% 
12 Derris dust (0.40) rotenone); a sodium oleyl sulphate, 6 678 61.0 95.0 
13 1%); water 2% 14 1733 80.0 88.5 
14 11 1085 57.0 82.0 
15 ll 1954 78.5 
Totals and are rages, grou ps 12-15 42 5400 69.0 885 
16 Derris dust (0.4°), rotenone 5 680 50.0 
17 6 635 SL.0 $6.5 
1S 6 700 5.0 
19 + 555 85 61.5 
Totals and arecrages, grou ps 16 19 9] 9570 40 5 5 5 oO 
20 Check—Tale; an aliphatic thiocyanate, 1.5°%; a so- 6 965 22.0 25.0 
dium oleyl sulphate, 1% 
21 Check— Tale; a sodium oley! sulphate, 1%); water, 2% 6 1075 2.7 . 
22 Check—Tale 6 960 2.0 ° 
23 2 234 2.5 ° 
Totals and ave rages, grou ps 92-23 S 1194 2.0 
24 Check—No treatment t 915 0.5 * 
25 21 3510 3.0 . 
26 2 410 1.0 ° 
27 15 1395 5.5 . 
28 7 785 2.0 * 
29 10 815 5.0 - 
Totals and averages, grou ps 24 29 59 7630 3.0 





* Population exceeded the original infestation. The increase frequently was nearly 100 per cent, depending upon the original num- 
ber of aphids and whether or not the plants began to wilt in the presence of a heavy infestation. 


thiocyanate to a conditioned derris dust 
mixture resulted in the highest average 
mortality attained by any combination 
and, furthermore, resulted consistently in 


higher aphid mortalities at lower tem- 
peratures than were obtained with con- 
ditioned dust mixtures to which nicotine 
or pyrethrum had been added. The com- 
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bination with the thiocyanate resulted in 
much more rapid mortality of aphids than 
was experienced with derris dust mixtures 
conditioned only with a sodium oleyl 
sulphate. 

Results of greenhouse tests, accumu- 
lated over the period of a year, appear to 
reveal clearly the relative effectiveness of 
(1) conditioned derris dust mixtures to 
which nicotine, pyrethrum or an aliphatic 
thiocyanate was added, (2) conditioned 
derris dust mixtures alone (conditioned 
with a sodium oleyl sulphate) and (3) 
plain derris dust mixtures, when the three 
are compared with proper checks. 

Many of the tests were staged pur- 
posely under different temperature and 
humidity conditions. Nearly all dust mix- 
tures resulted in increased aphid mor- 
tality under conditions of high tempera- 
ture and/or high relative humidity. 
Therefore, tests in which these conditions 
occurred have been omitted from the 
following table. For the tests tabulated, 
the range in temperature was from 53 de- 
grees to 72 degrees F.; the range in rela- 
tive humidity was from 30 to 78 per cent. 

A summary of 29 groups of tests in- 
volving over 30,000 aphids is presented in 
table 1. 

Discussion oF Resutts.—The derris 
dust mixture conditioned with a spread- 
ing and wetting agent and reinforced with 
an aliphatic thiocyanate resulted in a 
mortality of the aphids involved in these 
tests which averaged 94 per cent after 
two days and 99 per cent after five days. 

A similar dust mixture reinforced with 
free nicotine in place of the aliphatic 
thiocyanate resulted in an average mor- 
tality of 92 per cent after two days and 
91 per cent after five days. 

A similar dust mixture reinforced with 
concentrated pyrethrum extract in place 
of the aliphatic thiocyanate resulted in 
an average mortality of 85 per cent after 
two days and 88 per cent after five days. 

The derris dust mixture conditioned 
only with a spreading and wetting agent 
—referred to in a previous publication as 
“special dust” (Dudley, Bronson & Car- 
roll 1937)—exhibited a decidedly lower 
mortality after two days than the first 
three dust mixtures. After five days, how- 
ever, the mortality effected by this dust 
mixture had increased to such an extent 
that it approached the mortality effected 
by the first three. 
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Plain derris dust mixture exhibited 
even greater difference in mortality when 
compared with the fourth dust mixture 
than is evident when the fourth is com- 
pared to the first three. 

All five dust mixtures caused a pro- 
gressive mortality of the aphids apparent 
throughout the period of the tests, which 
generally continued for five days. 

When used with tale but without derris 
in the first type of checks, the aliphatic 
thiocyanate and sodium oleyl sulphate 
together exhibited an average mortality 
of 25 per cent after the five day period. 
None of the other checks exhibited any 
appreciable mortality, and by the end of 
five days the aphids present exceeded the 
original number, frequently by 100 per 
cent or more. 

A greenhouse experiment was staged 
to test the effect against the pea aphid of 
three derris dust mixtures conditioned 
with a sodium oleyl sulphate, to each of 
which was added one of the three solvents 
commonly employed in extracting rote- 
none; namely, acetone, aleohol and car- 
bon tetrachloride. The results revealed 
practically 100 per cent mortality of the 
treated pea aphids when the temperature 
was relatively high, and slightly lower 
mortality with lower temperatures. These 
combinations were superior to derris dust 
mixtures conditioned only with the so- 
dium oleyl sulphate, but were not su- 
perior to the dust mixtures to which an 
aliphatic thiocyanate had been added. 

Firtp Experiments.—In field experi- 
ments since 1935 both derris and cubé 
have been employed in making dust mix- 
tures. The field data do not reveal any 
marked or consistent difference between 
dust mixtures made from either one of 
the two groups of rotenone-bearing 
plants. Sometimes derris appeared 
slightly superior to cubé, sometimes the 
opposite was apparent and often both 
appeared to be of equal effectiveness 
against the pea aphid. 

The design of the field experiments was 
necessarily different from that of green- 
house experiments and, therefore, in the 
field the rotenone content of the derris or 
cubé dust mixtures was 0.5 per cent, 0.75 
per cent or 1.0 per cent, respectively. 

In the field the term mortality may be 
used for the first and second day after 
treatment because most of the living 
aphids, from which the mortality is com- 
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puted, are aphids which survived the 
treatment. After three or four days, how- 
ever, and especially after a week or more, 
the population of the treated plots is 
made up of aphids which survived, plus 
those produced by the survivors, which 
may outnumber the survivors by two or 
three to one. Thus the term reduction in 
the infestation is more appropriate than 
the term mortality. The percentage re- 
duction in the infestation is obtained by 
dividing the infestation in the treated 
plot by that in the check, multiplying by 
100 and subtracting from 100 per cent. 

Under field conditions the mortality 
obtained with these conditioned derris or 
cubé dust mixtures was more rapid than 
in the greenhouse, the mortality usually 
attaining 90 per cent or over in approxi- 
mately two days and progressing until in 
from five to ten days the reduction in the 
infestation frequently ranged between 95 
and 98 per cent. As a rule, in the field the 
evidences of toxicity of the derris or cubé 
did not cease even after the expiration of 
a 10-day period, but frequently the toxic 
effects could be detected for two weeks or 
more after the dust had been applied, 
through the medium of a lessened rate of 
reproduction among the remaining adult 
aphids. Such a progressive reduction in 
the infestation constitutes a very satis- 
factory control of the pea aphid. 

When the three types of derris or cubé 
dust mixtures—(1) conditioned dust mix- 
tures to which nicotine or an aliphatic 
thiocyanate was added, (2) conditioned 
dust mixtures alone (conditioned with one 
of several spreading and wetting agents) 
and (3) plain dust mixtures—were tested 
under field conditions, the differences 
were neither as pronounced nor as con- 
sistent as they were under greenhouse 
conditions. The reason for this is very 
likely the wide range in temperature, 
relative humidity, wind velocity, plant 
growth and seasonal aphid behavior ex- 
perienced in the field during June and 
July at several locations. 

In a rather small number of tests in 
which free nicotine was added to a con- 
ditioned derris or cubé dust mixture, the 
average reduction in the _ infestation 
amounted to 90 per cent. 

When conditioned derris or cubé dust 
mixtures were reinforced by the addition 
of an aliphatic thiocyanate, the results, 
without exception, were very satisfactory. 
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In no instance did the reduction in the 
infestation drop below 90 per cent. In 11 
tests of such a mixture containing 0.75 
per cent of rotenone, the average reduc- 
tion in infestation amounted to 95.5 per 
cent. 

In general, derris or cubé dust mixtures 
conditioned with one of several spreading 
and wetting agents appeared to be defi- 
nitely superior to plain dust mixtures. 
Under some weather conditions, however, 
both types of dust mixtures resulted in 
practically the same high percentage of 
reduction in the infestation. In 12 com- 
parable experiments the conditioned dust 
mixtures resulted in an average reduction 
in the infestation of 91 per cent, while the 
plain dust mixtures resulted in an aver- 
age reduction of only 79 per cent—a 
difference of 12 per cent in favor of the 
conditioned dust mixtures. Such a differ- 
ence may well be the difference between 
satisfactory and unsatisfactory aphid 
control. 

In addition to the sodium oleyl sul- 
phate, the authors have tested the follow- 
ing materials, both in the greenhouse and 
in the field, as spreading and wetting or 
sticking agents for conditioning derris or 
cubé dust mixtures: An alkylphenyl- 
benzenesulfonic acid; a sodium lauryl 
sulphate; a sulfonic acid of an aromatic 
hydrocarbon in two forms, one a liquid 
and the other a powder; a sodium salt of 
sulphonated naphthalene in two forms, 
one a liquid and the other a powder; a 
product composed partly of a sodium 
oleyl sulphate with the addition of some 
resins; and a sulphonated castor oil. 

The majority of these spreading and 
wetting or sticking agents have given 
indications of value as conditioners for 
derris or cubé dust mixtures. None, how- 
ever, has been superior to the sodium 
oleyl sulphate. 

Concuiusions.—In both the green- 
house and the field, derris or cubé dust 
mixtures conditioned with a spreading 
and wetting agent have been shown to be 
superior, as an insecticide against the pea 
aphid, to plain derris or cubé dust mix- 
tures. Under field conditions this superi- 
ority of the conditioned dust mixtures has 
amounted to approximately 12 per cent, 
which may be the difference between 
satisfactory and unsatisfactory aphid con- 
trol. 

In general, conditioned derris or cubé 
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dust mixtures reinforced by the addition 
of nicotine or an aliphatic thiocyanate 
have been superior to conditioned dust 
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mixtures. This has been especially true in 
instances where the aliphatic thiocyanate 
was added.—1-7-38. 
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The Fumigation of Insects with Hydrocyanic Acid: 
Effect of Different Air Pressures 


Wicuiam Moore and E. L. Carprenter,* Stamford Laboratories, 
American Cyanamid Co., Stamford, Conn. 


The customary procedure employed in 
vacuum fumigation has always been to 
draw as high a vacuum as possible before 
the introduction of the fumigant since the 
natural assumption to make is that the 
percentage kill obtained with a given 
dosage of fumigant increases directly as 
the air pressure decreases. Young, Wag- 
ner & Cotton (1935) thus found that a 
considerably better kill of confused flour 
beetles, Tribolium confusum Duv., was 
obtained when these insects (in flour) 
were fumigated with hydrocyanic acid in 
a 29-inch vacuum than in a 26-inch 
vacuum. The state of activity of insects 
is markedly influenced by the amount of 
air left in the chamber. 

When the air pressure in a fumigation 
chamber is reduced below that of the 
atmosphere, the activity of the insect 
first increases and then slowly decreases 
until the insect is rendered completely in- 
active, due to lack of air at pressures of 
10 millimeters or less. Most species will 
remain active for some time at air pres- 
sures around 60 millimeters. If hydro- 
cyanic acid is more readily taken up by 
active insects, then better kills would be 
expected when all of the air is not with- 
drawn from the system. It was therefore 
decided to study the effect of air pressure 
on the mortality of several insects when 
fumigated with hydrocyanic acid. 

The dosages used in this investigation 
are not applicable to commercial fumi- 
gations because, since the purpose was to 
bring out the effect of hydrocyanic acid 


* The writers wish to express their copeae for the 
assistance of Dr. N. M. C. Payne in a part o 


this research. 


on insects at different air pressures, no 
commodity was present in the chamber 
and the exposure periods were consider- 
ably shorter than those used in commer- 
cial practice. 

APPARATUS AND EXPERIMENTAL PRo- 
CEDURE.—The apparatus used for these 
experiments, fig. 1, is one designed to 
measure the sorption of different vapors 
by insects as well as the amount of vapor 
necessary to kill the insects under varying 
conditions. That portion of the apparatus 
which deals with the measurements of 
sorption of vapors by insects has already 
been described by Carpenter & Moore 
(1938). 

The percentage kill of a species of insect 
at a given air pressure resulting from ex- 
posure to a known concentration of hy- 
drocyanic acid is determined as follows: 
Approximately 100 insects are first placed 
in the chamber, H, which is fitted with a 
ground glass joint so that it may be re- 
moved from the remainder of the ap- 
paratus when desired. The chamber is 
maintained at the desired temperature 
(within + 0.1 degrees C.) during the fumi- 
gation period by means of a beaker of 
water equipped with coils through which 
water is pumped from a thermostat. The 
system is then slowly evacuated to the 
desired air pressure through S,; this pres- 
sure may be read either on the closed-end 
manometer, D, or on the open-end 
manometer, J. Steel rulers are fixed in 
position between the two tubes of the 
manometers so that the levels of the mer- 
cury can be read. Magnifying glasses 
equipped with cross hairs at the focal 
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points are used to obtain the final read- 
ings in both cases. These glasses are 
fastened to small adjustable clamps which 
can be raised or lowered at will on vertical 
rods. Ordinarily the closed-end manome- 
ter is used to determine the air pressure 
within the system since it is independent 
of the atmospheric pressure, but for 
pressures above 250 mm. it is necessary 
to use the open-end manometer, J, in con- 
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nected with the remainder of the system 
to the right, the insect chamber being 
closed; the third position connects the 
insect chamber with the gas burette. 
After the insect chamber has been evacu- 
ated to the desired air pressure, S¢» is 
changed from the first to the second posi- 
tion and the gas burette is completely 
evacuated. The quantity of gaseous hy- 
drocyanic acid that is to be used in the 
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Fig. 1. 


junction with an accurate barometer. 
When the open-end manometer is not in 
use, So is kept closed with the mercury 
level in the tube touching the sealed-in 
glass tip at I as shown in the diagram. If 
it is desired to use the open-end manom- 
eter, Sy is opened and the leveling bulb is 
adjusted so that the mereury column 
touches the tip at I; So is then closed, and 
the difference in millimeters between the 
two columns is determined and_ sub- 
tracted from the barometric pressure to 
obtain the pressure within the system. 
Ss is a three-way stopcock; in the first 
position the insect chamber communi- 
cates with the remainder of the apparatus, 
the gas burette, E, being closed; in the 
second position the gas burette is con- 


Diagram of the apparatus used in the investigation. 


fumigation is now measured in the gas 
burette. Since the volume of this burette 
has been accurately calibrated from S¢ to 
the bottom of each of the six tips, the 
quantity of hydrocyanic acid vapor to be 
used in the experiment is determined by 
setting the mercury level to the appro- 
priate tip. This is accomplished by open- 
ing S;, which allows the mercury to rise 
into the evacuated burette from the 
reservoir, F, which is at atmospheric 
pressure. The vapor of hydrocyanic acid 
is admitted into the burette by opening 
the stopcocks S, and S; to the reservoir 
containing the liquid fumigant. (All of 
the air has been previously removed from 
the fumigant reservoir by several evacua- 
tions at liquid air temperatures so that, 
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when S_ is opened, only the vapor of the 
fumigant diffuses into the apparatus.) 
After the vapor has been adjusted to the 
desired pressure by the raising or lowering 
of the mercury in the large tube, B, the 
pressure Is reé ad on the closed-end manom- 
eter, D. The room temperature near the 
gas burette is also noted at this point. 
There is thus enclosed in the gas burette 
a quantity of vaporized fumigant whose 
pressure, volume and temperature are 
known. This vapor is now admitted into 
the insect chamber by turning S, to its 
third position, and then opening S;. Since 
the air pressure in the insect chamber is 
ordinarily quite low, the mercury rises in 
the gas burette and glass tube until it 
reaches the point, G, thus forcing all of 
the vapor into the chamber, H. 5; is then 
closed. In cases where the air pressure in 
H is above 200 mm., the air pressure in 
the reservoir, F, is increased above at- 
mospheric pressure so that the mercury 
will rise to the point, G. Since the volume 
of the insect chamber is known from the 
point G to Sio and tip I, the pressure of 
the vaporized fumigant developed in the 
chamber may be calculated by the equa- 
tion 
Vi Te 
P,=P, -— -— (1) 


where P, is the partial pressure of fumi- 
gant over the insects, P; is the pressure 
of fumigant in the gas burette having an 
absolute temperature T; and volume V;, 
V2 is the volume of the insect chamber 
and T, is its absolute temperature. While 
this equation is strictly true only for the 
ideal gas, it is sufficiently accurate for our 
purposes. The partial pressure of hydro- 
cyanic acid in the insect chamber, P2, is 
then converted into milligrams per liter. 
After the vapor has been in contact with 
the insects for a definite length of time as 
measured by a stop-watch, the insect 
chamber is returned to atmospheric pres- 
sure by opening Si. The insects are then 
placed in an appropriate food mixture in 
small numbered containers. 

The method of measuring out the dos- 
age outlined above has the advantage that 
one concentration may be closely dupli- 
cated as many times as necessary and is 
much more nearly accurate than attempt- 
ing to measure out a small amount of a 
volatile liquid such as hydrocyanie acid. 
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Another advantage of the method is that 
the concentration of hydrocyaniec acid in 
the chamber is built up very quickly to 
the maximum value by this manner of 
introducing the vapor into the chamber. 
The concentration of the hydrocyanic 
acid in the chamber falls only slightly 
during the fumigation period due to 
sorption by the insects and the walls of 
the container. 

The determination of the percentage 
kills is made several days after the fumi- 
gation as it has been found that many 
insects die from the effects of the poison 
three or four days after exposure. Counts 
of the dead and living insects are made 
on the sixth and eighth days after fumi- 
gation for all species except confused 
flour beetles which are counted on the 
ninth and eleventh days. The number 
dying due to the reduced air pressure or 
to natural mortality is determined for 
each set of experiments by running a con- 
trol. It has been found that exposure to 
a high vacuum for as long a period as an 
hour and ten minutes has little, if any, 
effect on the species studied. Hence the 
controls show one or two per cent dead, 
and rarely over five per cent. The per- 
centage kills recorded have been corrected 
for the mortality occurring in the con- 
trols. 

EXPERIMENTAL ResuLts with Con- 
FUSED FLour Breties.—The results of 
the experiments obtained with confused 
flour beetles, T. confusum, at different 
air pressures are given in table 


Table 1.—Results of experiments obtained 
with confused flour beetles fumigated with 
hydrocyanic acid at several different air pres- 
sures. 





AT Speciriep Dos- 
Acip 


aT 20° C,) 


PERCENTAGE KILL 

AIR AGES OF HyprocyaNni 
PRESSURE (10-Minute Exp. 
IN MM. OF 
Mercury 0.368 0.395 0.409 0.438 


mg./l. mg. / I. mg./I. mg./I. 


89.7 100.0 
90.8 
69 
58. 58.$ 
33. 
+. 
0. 





It will be seen from this table that the 
kills fall off very decidedly as the air 
pressure increases. At atmospheric pres- 
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sure about six milligrams per liter are re- 
quired to produce a 95 per cent kill of con- 
fused flour beetles in a 10-minute exposure 
period while at 1 to 2 mm. air pressure 
a dosage of only 0.44 milligrams per liter 
is sufficient to produce the same kill. 
These results are similar to those ob- 
tained by Young, Wagner & Cotton 
(1935) with flour beetles fumigated in 
flour. The authors attributed the differ- 
ence in killing efficiency of hydrocyanic 
acid at different air pressures to the fact 
that the amount of hydrocyanic acid 
sorbed by the flour increased as the air 
pressure decreased. It is obvious that this 
is not the complete explanation since we 
have obtained similar results with no 
flour present in the chamber. Cotton 
(1932), using fumigants other than hydro- 
cyanic acid, attributed the poorer kills 
which result at higher air pressures to a 
physiological effect of oxygen upon the 
insect. Cotton, Wagner & Young (1937) 
demonstrated an oxygen effect using 


ethylene oxide—carbon dioxide mixtures 
on confused flour beetles. 

The effect of air pressure on confused 
flour beetles fumigated with hydrocyanic 
acid may be due to such an oxygen effect, 


or to some physical effect of nitrogen upon 
the action of hydrocyanic acid, or to a 
combination of the effects produced by 
both oxygen and nitrogen. In order to 
determine whether nitrogen influenced 
the kill, fumigations with the same dosage 
were made with and without added nitro- 
gen. Runs 1 and 2, table 2, show that the 
presence of nitrogen decidedly lowers the 
percentage kill. Runs 3 and 4 were then 
made to determine the approximate in- 
crease in dosage necessary to overcome 
the effect of about 760 mm. of nitrogen. 


Table 2.—Effect of oxygen and nitrogen on 
confused flour beetles fumigated with hydro- 
cyanic acid (10-minute exposure at 25 de- 
grees C.). 





Tora 
RESSsURE* 
in Miur- 
METERS 


Air 
Pressure 
Run ; 
in Mitur- 
METERS 


Pressure P 
or AppEep 
NITROGEN 


1-2 

762 

766 

757 

764 

764 

1-2 
62 0 
60 0 


eee eee 


ont pet DD ee es eet et 
es 





* Excluding the pressure due to hydrocyanic acid. 
t Runs | and 2 are the average of two determinations; run 4 
is the average of three determinations, 
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It was found that it is necessary to in- 
crease the dosage approximately five 
times when nitrogen is present in the 
chamber in order to obtain a kill com- 
parable to that obtained when no nitro- 
gen is added. To determine whether oxy- 
gen had an additional effect, experiments 
were also made with air in the chamber 
(runs 5 and 6). When these experiments 
are compared with runs 3 and 4, in which 
there was approximately the same 
amount of nitrogen, it is found that it is 
necessary to double the dosage in order 
to obtain a comparable kill in the pres- 
ence of air. Similar results were obtained 
in runs 7-9 with lower pressures of nitro- 
gen and air. 

The effect of air pressure obtained with 
confused flour beetles, table 1, is therefore 
due to the presence of nitrogen as well as 
oxygen. Both gases are responsible for the 
reduction of the kill obtained with a given 
dosage of hydrocyanic acid as the air 
pressure increases. The effect of nitrogen 
is probably physical, whereas that of oxy- 
gen is probably both physiological and 
physical. 

EXPERIMENTAL Resutts with Rice 
Weevits.—The results of the experi- 
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PER CENT KILL 
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Fig. 2.—Percentage kills of rice weevils and con- 

fused flour beetles obtained at different air pressures. 

Dosage of hydrocyanic acid equals 4.65 mgs./liter 

for rice weevils and 0.438 mgs./liter for confused 
flour beetles. 


ments obtained with rice weevils, Sito- 
philus oryzae (L.), at different air pres- 
sures are given in table 3. Since the per- 
centage kills listed are in a great many 
cases the average of several experiments, 
the number from which the average is 
taken is given in parentheses immediately 
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following the percentage kill. It will be 
seen that reducing the air pressure has 
the same effect on the kill of rice weevils 
as it has with confused flour beetles down 
to a pressure of about 60 mm. of mercury. 
Below this point, however, the kill ob- 
tained with rice weevils falls off rapidly 
until no kill is obtained at 1-2 mm. air 
pressure, whereas the percentage kill ob- 
tained with confused flour beetles reaches 
its maximum at this very low pressure, 
fig. 2. In order to obtain a kill of 95 per 
cent with rice weevils at an air pressure 
of 1-2 mm., it is necessary to increase the 
dosage of hydrocyanic acid up to about 
250 milligrams per liter (in a 10-minute 
exposure period); this dosage is 36 times 
greater than that necessary to produce 
a 95 per cent kill at 40 to 80 mm. air 
pressure, table 3. 


Table 3.—Rice weevils fumigated with hydro- 
cyanic acid at several different air pressures. 








PERCENTAGE KILL at SPECIFIED 
Dosace or HCN (10-MinutTEe 
Exposure at 20° C.) 


AIR 
PRESSURE 
IN MM. OF - 
MERCURY 


3.19 mg./l. 4.65 mg./l. 7.15 mg./I. 


2 0.0 0. 0.0 
10 - 30. 37.2 (2)T 
14 — 52. ~- 
20 66.2 (1)T 69. 83.2 (4) 
30 -- 74. — 
40 80.3 (1) 78. 98.9 (1) 
50 — 82. 

60 79.4 (3) 84. 
70 - 87. 
80 83.3 (1) 83. 
100 62.5 (1) 72. 
150 — 69.6 (1) 
200 _ 43.6 (1) 
400 17.9 (1) 
760 0.0 (1) 


96.4 (2) 


94.4 (3) 
90.7 (2) 





t The numbers in parentheses indicate the number of runs 
averaged to obtain the recorded percentage kill. 


Conrusep FLour Breeties anp Rice 
Weevits Comparep.—Both rice weevils 
and confused flour beetles become in- 
active as the pressure is reduced below 
60 mm. until at 1-2 mm. they are com- 
pletely inactive. The poor kill of rice 
weevils at 1-2 mm. air pressure may be 
due to the inactivity of the insect, or may 
he caused by some mechanical change due 
to the low pressure, such as the collapse 
of the tracheae. To eliminate this possible 
pressure effect, experiments were per- 
formed in which rice weevils were ren- 
dered inactive at 60 mm. air pressure by 
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allowing them to remain at this pressure 
until they had used up all of the oxygen. 
(This required a period of about three 
hours.) By comparing the results of these 
experiments with those on active insects 
at the same pressure, table 4, it will be 
seen that the active insects are much more 
easily killed. This of course is not true 
for confused flour beetles, which are most 
easily killed when they are completely 
inactive at air pressures of 1-2 mm. 
Table 4.—Effect of rendering rice weevils in- 


active at 60 mm. air pressure before fumigating 
with hydrocyanic acid (20 degrees C.). 








Conpition Dosage Ex- Per 
IN posuRE Derap ALIVE CENTAGE 


Run > 
mos./L. Mena. ILL 


or 
Insect 





46.50 
99. 86T 
56.60 
99. 84t 


Inactive 
Active 
Inactive 
Active 


49.0 41 637 728 
49.5 41 1389 2 
55.1 41 659 506 
55.0 41 1249 2 





t It should be pointed out that a kill of 100 per cent would 
have been obtained at a much lower dosage, say about 20 mg./I., 
in runs 2 and 4 if all the rice weevils had been active when they 
were fumigated. Since a large number of insects were used in 
these experiments in a smal] chamber, the two insects that sur- 
vived in each case probably became stupefied before the intro- 
duction of the fumigant. 

The differences in kill obtained in table 
4 are explained by an examination of 
sorption measurements on active and in- 
active rice weevils. The method followed 
in these sorption determinations was the 
same as that already described by Car- 
penter & Moore (1938), except that the 
insect chamber was evacuated to 60 mm. 
air pressure instead of to 1 or 2 mm. This 
was necessary in order to obtain results 
with active insects. In measuring the 
sorption on inactive insects at 60 mm. air 
pressure, the rice weevils were stupefied 
by being allowed to remain at this pres- 
sure for three hours before the introduc- 
tion of hydrocyanic acid. Several experi- 
ments were performed at different pres- 
sures of hydrocyanic acid; a typical ex- 
periment is given in table 5. The results 
show that the sorption of hydrocyanic 
acid on active rice weevils is considerably 

Table 5.—Sorption of hydrocyanic acid by ac- 
tive and inactive rice weevils. Dosage of HCN 
=49 mgs. |.; temperature=20 degrees C. 








Inactive Rice WEEVILS AT Active Rice 
— — WeEEVILSAT 
60 uM. 


. 728 mg./gm. 
».735 


Time 


60 MM. 


IN 
MINUTES 


2 0.110 mg./gm. 
5 0.160 
10 0.222 0.153 769 
15 . 276 0.192 827 
34 0.234 877 
414 0.314 955 
. 497 0.398 — 


0.118 mg./gm. 
0.122 
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greater than that on the inactive form, 
and that the difference is almost entirely 
due to the much greater amount sorbed 
by the active insects during the first two 
minutes, fig. 3. After this first quick sorp- 
tion the rate is the same (within experi- 
mental error) as that obtained on inactive 
rice weevils either at 60 mm. or 1-2 mm. 
air pressure. Similar experiments were 
made on active and inactive confused 
flour beetles at 60 mm. air pressure. These 
experiments showed that the active in- 
sects did not sorb any more hydrocyanic 
acid than inactive insects. 


Lo 7 


° 
« 


° 
oe 


o 
~ 


° 
o 


°o 
a 


° 
> 


INACTIVE RICE WEEVIL 
AT GOMM AIR PRESSURE 


° 
w 


PER GRAM OF RICE WEEVIL 


° 
Ls) 


QUANTITY SORBED IN MGS. OF HCN 


o 


' 
TIME IN MINUTES 
Fic. 3.—Quantities of hydrocyanic acid sorbed by 
active and inactive rice weevils with time. Concen- 
tration of hydrocyanic acid equals 49 mgs./liter 


Evidently some change occurs in the 
rice weevil when it becomes inactive that 
does not take place in the confused flour 
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beetle. All of the experimental evidence 
thus far obtained indicates that hydro- 
cyanic acid is prevented in some manner 
from penetrating the inactive rice weevil, 
whereas it is taken up as readily by the 
inactive the active confused flour 
beetle. This is perhaps most clearly shown 
by the different rates of sorption observed 
for active and inactive rice weevils as 
compared with nearly the same rate for 
both active and inactive confused flour 
beetles. These differences between rice 
weevils and confused flour beetles can 
be explained by assuming that the tra- 
cheae of rice weevils are closed when they 
are inactive. Although this appears to be 
the most plausible explanation, it may be 
that the hydrocyanic acid is prevented 
from penetrating the insect by some other 
reaction of the rice weevil such as a move- 
ment of the elytra. It has been impossible 
to determine how hydrocyanic acid pene- 
trates the body of the insect. 
Experiments have also been made to 
determine whether or not the presence of 
nitrogen or of oxygen has an influence 
upon the kill of active and inactive rice 
weevils when fumigated with hydrocyanic 
acid, table 6. Runs 1-3 with active insects 
show that it is necessary to increase the 
dosage of hydrocyanic acid about three 
times when 600 mm. of nitrogen has been 
added to the system in order to obtain a 
kill comparable to that obtained without 
added nitrogen. The effect of nitrogen on 


as 


Table 6.—Effect of oxygen and nitrogen on rice weevils fumigated with hydrocyanic acid. Tempera- 


ture of fumigation = 25 degrees C. 





PRESSURE 


Run 


CONDITION 


OF 
INsE« rt 


Active 
Active 
Active 
Active 
Active 
Active 
Active 


Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 


AIR 
PRESSURE 
IN MM. OF Ha 


100 
100 
100 
640 
HO 
20 
re) 


> 


© & © we ew 


IN MM. ¢ 


Appep N 


yt 


600 
600 


t+ 


oo 


600 


600 


» OR OO, 


of N 
of N, 


of O. 
of O, 
of Ne 
of No 


of No» 


Tora 
PRESSURE 
IN MM.* 


100 
700 
TOO 
640 
60 
64 


62 


we «© 


wm wo ee 


. 


} 


DosaGr 
or HCN 


IN MG. L. 


L HMw VW. we 





* Excluding pressure due to hydrocyanic acid 


§ Runs 1 


Sand 10-13, 


inclusiv e 


t At time of introduction of hyvdroevanic acid 
t Runs 8 and 9 are the average of three determinations. 


are the average of two determinations. 


Ex- 
POSURE 


(MiNs. 


10 
10 
10 
10 
10 
10 
10 


60 
Oo 
60 
60 
60 
60 


Per- 


CENTAG 


KILL 


~ 


88. 


~ DS 
VP AP APAT ye ee 


98. 
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Table 7.—Effect of air pressure on different species of insects fumigated with hydrocyanic acid, 





10-minute exposure at 25 degrees C. 


Ly SAGE 
or HCN 


IN MG./L. 


Species or INsEcT 


Cigarette beetlet 
Cigarette beetle 
Cigarette beetle 

Granary weevil 

Flat grain beetle 
Saw-toothed grain beetle 
Lesser grain borer 


PerRceENTAGE Kitt at Atk PRESSURE OF 


mm. 


30 mm. 60 mm. 90 mm. 


73.8 (: 74.4 (4) 66.8 (3) 
98. 93.0 85.6 
58.8 (2) 56.9 (2) 
78.4 
50.7 
79.6 
74.5 





+ Experiments with cigarette beetles were run at 20° C. 
t One hour exposure. 


inactive insects is shown in runs 8-13. It 
is interesting to nete in this connection 
that a slightly greater sorption was ob- 
tained with inactive rice weevils at 1-2 
mm. air pressure as compared with in- 
active insects at 60 mm. air pressure, 
table 5. No comparison of the nitrogen 
effect on active and inactive rice weevils 
can be made because the experiments 
were run with different dosages, ex- 
posures and total gas pressure. The effect 
of oxygen is shown in runs 3-7. Runs 3 
and 4 show that it is necessary to increase 
the dosage of hydrocyanie acid about 
nine times in order to obtain the same 
kill when the oxygen pressure is increased 
from about 21 mm. to about 134 mm. 
ResuLts with OTHER SPECIES oF IN- 
sects.—The results listed in table 7 show 
the effect of air pressures on several differ- 
ent species of insects. The numbers in 
parentheses immediately following the 
percentage kills again indicate the number 
of runs from which the average was taken 
in cases where more than one experiment 
was made. Since only a very few runs 
have been made with granary weevils, 
Sitophilus granarius (L.), flat grain 
beetles, Laemophloeus minutus Oliv., saw- 
toothed grain beetles, Oryzaephilus suri- 
namensis (L.), and lesser grain borers, 
Rhizopertha dominica F., the results must 
he regarded as preliminary indications of 
the effect of air pressure rather than an 
absolute proof. The effect obtained with 
cigarette or tobaeco beetles, Lasioderma 
serricorne (F.), is similar to that on rice 
weevils in that the poorest kill is obtained 
at 2 mm. air pressure; the differences be- 
tween 2 mm. and 60 mm. air pressure, 
however, are not nearly so great for 
tobacco beetles. 
The results that 


indicate granary 


weevils, flat grain beetles and saw-toothed 
grain beetles are also similar to rice 
weevils. There appears to be no effect of 
air pressure on the lesser grain borer up 
to pressures of 60 mm. 

SuMMARY.—An apparatus has been de- 
scribed which may be used either for the 
determination of sorption or the toxicities 
of different vapors or gases on insects at 
air pressures from complete vacuum to 
atmospheric pressure. 

A study has been made of the suscepti- 
bility of several different insects to hydro- 
cyanic acid at different air pressures. The 
best kills of confused flour beetles were 
obtained with inactive insects at 1-2 mm. 
air pressure, whereas the best kills of rice 
weevils, granary weevils, flat grain 
beetles, tobacco beetles, and saw-toothed 
grain beetles were obtained at 30-60 mm.., 
where the insects were active. The lesser 
grain borer showed no difference in kill 
between 2 mm. and 60 mm. air pressure. 
The percentage kills decreased in all cases 
studied as the air pressure increased from 
about 60 mm. to atmospheric pressure. 

The reduction in kill due to the pres- 
ence of air in the fumigation chamber has 
been shown to be due to nitrogen as well 
as oxygen. 

Sorption experiments have shown that 
active rice weevils take up much larger 
quantities of hydrocyanic acid than in- 
active rice weevils, whereas no difference 
was found between active and inactive 
confused flour beetles. 

It appears that some insects (typified 
by the rice weevil) are able to prevent the 
penetration of hydrocyanic acid to some 
extent when they become inactive, 
whereas other insects (typified by the 
confused flour beetle) are not able to 
accomplish this result.—4-29-38. 





JOURNAL OF Economic ENTOMOLOGY 


Vol. 31, No. 3 


LITERATURE CITED 
Carpenter, E. L. and William Moore. 1938. Sorption of hydrocyanic acid by different species of in- 


sects. Jour. Econ. Env. 31(2): 270-5. April. 


Cotton, R. T. 1932. The relation of respiratory metabolism of insects to their susceptibility to fumi- 
gants. Jour. Econ. Ent. 25(5): 1088-103. Oct. 
Cotton, R. T., G. B. Wagner and H. D. Young. 1937. Oxygen as a factor in vacuum fumigation. 


Jour. Econ. Ent. 30(3) : 560. June. 


Young, H. D., G. B. Wagner and R. T. Cotton. 1935. The vacuum fumigation of flour products with 
hydrocyanic acid. Jour. Econ. Ent. 28(6): 1049-55. 


Tennessee Valley Mosquito Collections' 


S. E. Suretps, U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


Although extensive records of mosquito 
collections are obtainable for most of the 
northern part of the United States, and a 
great deal of collecting has been done in 
the far South, especially Florida, no great 
amount of work has been done in the area 
between these two sections. In this area 
between, one might expect to find both 
northern and southern forms, and it is not 
improbable that previously unreported 
species might occur. 

In view of the fact that few records are 
available for the region, this paper dealing 
with the mosquito collections in the Ten- 
nessee Valley during the years 1934, 1935 
and 1936 has been prepared. 

The portion of the Tennessee Valley 
where most of the collections were made 
comprises the areas surrounding Norris,” 
Guntersville, Wheeler, Wilson and Pick- 
wick Landing Dams;' the last four named 
being in the area referred to in this paper 
as the Muscle Shoals Area. Some collec- 
tions are also mentioned which were made 
in the Great Smoky Mountains and at 
Reelfoot Lake. The area lies between 
34° 40’ and 36° 35’ north latitude and 
ranges in altitude from a stream bed 
elevation of 350 feet at Pickwick Landing 
Dam to a stream bed elevation of 1050 
feet at the proposed Cumberland Gap 
Dam Site near Arthur, Tenn. Although 
most of the collecting was done in the 
reservoir area within the limits of eleva- 


' A contribution from the Health Section of the Tennessee 
Valley Authority. 

2 Work in the Norris Area under the supervision of W. G. 
Stromquist, Sanitary Engineer. 

* Work in the Muscle Shoals Area under the supervision of 
R. B. Watson, M.D 

* Help in collecting was received from Dr. J. B. Lackey, J. S. 
Wiley, C. W. Krusé, Noah Aston, C. C. Kiker andC. D. Fairer 
The identifications were confirmed by Dr. W. V. King and G. H. 
Bradley of the U. S. Department of Agriculture, Bureau of 
Entomology and Plant Quarantine; Orthopodomyia alba Baker 
was also confirmed by Dr. Alan Stone of the U. S. National 
Museum. 


tion listed above, the additional height of 
the mountains and foothills must not be 
forgotten. Some of these reach an altitude 
of more than 6000 feet. 

A varied environment is offered mos- 
quitoes in the physical and chemical na- 
ture of the waters, as there are swift 
streams, sluggish streams, lime sink 
ponds, sloughs, overflow ponds, rock 
pools, varied artificial containers and 
impounded waters varying in size from 
mountain ponds to tremendous reservoirs 
formed by the various dams and by an 
even greater variation found in the 
aquatic vegetation of the different sec- 
tions. 

CoLLEcTING AND Rearinc Mertuops. 
—The collecting methods used were es- 
sentially the same as have been described 
by other collectors. An ordinary dipper 
was used for the majority of the larval 
collections. This was supplemented at in- 
tervals by a tea strainer and, when col- 


‘lecting was done in almost inaccessible 


places such as tree holes, by a long piece 
of glass tubing with a rubber bulb at- 
tached. A flashlight, chloroform tube, 
“‘poofer”’ and an aspirator were used in 
collecting adults. 

In addition to the numerous barns used 
for Anopheles quadrimaculatus Say catch- 
ing stations in the Muscle Shoals Area, 
two experimental animal traps were con- 
structed in anticipation that they might 
later be used to check A. quadrimaculatus 
production in areas where no barns were 
available. 

These traps were small sheds just large 
enough to accommodate one or two per- 
sons while they collected mosquitoes in- 
side. A tight fitting door was provided, 
the sides were almost entirely screened ex- 
cept for horizontal apertures and the re- 
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mainder of the building was tightly 
boarded. 

The horizontal apertures were inserted 
at the sides in an attempt to copy the fun- 
nel in a fly trap. Two boards were placed 
in such a manner that their inner edges 
were much closer to each other than their 
outer edges, thus forming a narrow slit 
through which a mosquito could enter, 
hut could escape only with great diffi- 
culty. 

A ealf or other small animal was kept 
in the shed overnight, and the mosquitoes 
which were trapped inside were collected 
the next morning. 

Rearing was carried on to obtain adults 
and to check the larval identifications. 
This was done in any convenient jar with 
no food added except water from the 
original environment. All the lots of mos- 
quitoes were numbered to correspond to 
the field notes and, if it was desirous to 
associate the adult when it emerged with 
the cast larval skin, the rearing was ac- 
complished in individual tubes marked 
with the lot number, and a serial number 
was prefixed at the time of emergence. 

Co.iections.—Brief notes on each 


species collected are given as follows: 


Anopheles punctipennis (Say ).—This 
species occurs throughout the area. More 
abundant early and late in the summer 
than during the hot weather. Most abun- 
dant in the Norris Reservoir spring fed 
streams prior to impoundage. Breeds in 
swift streams, if not too swift for a fringe 
of vegetation. Adults prefer to rest during 
the day under rock ledges, bridges or hol- 
low trees during the warmer months and 
in barns and sheds during the late fall and 
early spring. Larvae found as late as De- 
cember 18 in Norris Reservoir; appearing 
in spring about April 15. The earliest rec- 
ord was March 31 at Wilson Dam, Ala., 
but there is evidence of overwintering in 
the larval stages at the bottoms of ponds. 

Anopheles crucians Wiedemann.— Adult 
females were taken in small numbers 
from the catching stations in Pickwick, 
Wheeler and Wilson Reservoirs. Adult 
males were observed resting in well shaded 
driftwood. The larvae prefer slightly acid 
water. Larvae and adults occur through- 
oug the summer. 

Anopheles quadrimaculatus Say.—This 
mosquito was found in the entire area 
studied. It was found only near Andrew 
Jackson Lake in the Norris Dam region 


SHIELDS: TENNESSEE VALLEY Mosquito COLLECTIONS 


427 


prior to impoundage, but was found 
near Norris Lake on June 20 after the 
starting of impoundage in May. Sub- 
stantial collections were made during the 
rest of the summer, and the abundance 
of this species was checked later only by 
control measures. 

Anopheles barberi Coquillett.—One fe- 
male was collected at Norris, Tenn., 
from a log barn late in June. Larvae and 
adults were collected during June, July 
and August from a tree hole in a sweet 
gum near Wilson Dam, Ala. 

Anopheles walkeri Theobald.—The only 
specimens taken within the region were 
sent to me by H. A. Johnson from Reel- 
foot Lake in northwestern Tennessee. 
They were collected early in September. 

Aedes dupreeit (Coquillett).—A_ single 
larva of this species was taken during Sep- 
tember from a grassy pond in the Pick- 
wick Reservoir before impoundage. No 
more larvae were found and no adults 
were taken, although the area was 
searched carefully. 

Aedes hirsuteron (Theobald).One adult 
specimen was taken, while biting, in 
an office at Wilson Dam. Other adults 
were taken at intervals during May and 
early June, when biting, near Florence 
and Huntsville, Ala. No larvae of this 
species were obtained. 

Aedes thibaulti Dyar and Knab.— 
This species was fairly abundant in re- 
stricted wooded areas around Wilson 
Dam and Huntsville, Ala., from March to 
July. Larvae were found in holes at the 
bases of trees and stumps. The adults rest 
in the hollow stumps and trees near the 
breeding places and come out to bite if a 
human being remains long in the vicinity. 
Not taken elsewhere. 

Aedes canadensis (Theobald ).—Aedes 
canadensis was found quite generally 
throughout the Muscle Shoals Area. 
Specimens were first found on February 
28 and were last observed, but at that 
time quite abundant, on March 31 in the 
vicinity of Wilson Dam. Only one group 
of larvae was found near the Norris Reser- 
voir and that on April 22. The larvae had 
all emerged when this pool was examined 
one week later and did not appear again, 
thus indicating a one brooded species. The 
larvae prefer small wooded pools with a 
bottom of dead leaves, but they have been 
taken from red silty water along road- 
sides in Alabama. The adults bite readily 
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if a person enters the woods where they 
are abundant. 

Aedes atropalpus (Coquillett).—Col- 
lected by W. M. Pritchard at Kinzel 
Springs, Tenn., in May from a rocky pool. 
Specimens were also obtained from an 
abandoned septic tank near Knoxville. 
No adults of this species were found. 

Aedes triseriatus (Say).—Specimens of 
Aedes triseriatus were collected from tree 
holes throughout the area at almost 
any time during the summer. They were 
the most abundant of the tree hole breed- 
ers. The adults bite readily. 

Aedes verans (Meigen).—This species 
was collected once in the Norris Res- 
ervoir and many times in the Muscle 
Shoals Area. It is not particular in its 
choice of breeding places; it has been 
found in roadside ditches, septic tanks, 
ponds in open fields, ruts, furnace pits and 
overflow pools. It was collected on March 
30 from Weakly Pond near Florence, Ala. 
Although this pond had been examined 
periodically for nearly two years it had 
produced no mosquitoes up to this time. 
The adults were taken in offices at Wilson 
Dam and were collected on numerous oc- 
‘asions from light and animal traps. 

Aedes aegypti (Linnaeus).—This spe- 
cies occurred over the entire area and was 
collected in mosquito stations in Pick- 
wick, Wilson, Wheeler and Guntersville 
Reservoirs. Other records are from houses 
in Florence and Wilson Dam, Alabama 
and one record of a collection on February 
19 from potted plants in an automobile 
show room in Knoxville, Tennessee. Cans 
and rubbish were not allowed to accumu- 
late in quantities so they were not very 
numerous. 

Culex peccator Dyar and Knab.— 
One larva of this species was collected 
from a pond in the Pickwick Reservoir 
arly in September. No other larva or 
adult was found. 

Culex inhibitator Dyar and Knab.— 
This species was taken in considerable 
number throughout the area examined. It 
seemed to prefer grassy pools similar to 
those frequented by Anopheles and was 
often found with them. Specimens were 
collected numerous times among the algae 
formed below springs. They occur through- 
out the summer. 

Culex salinarius Coquillett.—This spe- 
cies was often collected from grassy 
pools throughout the summer and from all 
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the areas except Norris, where it also 
probably occurs. Records from the live 
trap at Decatur, Ala., show a great 
abundance of this species in that area. 

Culex restuans Theobald.—This mos- 
quito was collected from ditches, hollow 
stumps, tree holes, septic tanks, old boats, 
stagnant pools, rain barrels, water troughs, 
impounded water, cattle tracks, base- 
ments, old tires and temporary puddles. 
It often occurred in great numbers so that 
hundreds could be obtained from a single 
dip and was collected more than any spe- 
cies except Anopheles. The adults were 
often taken in the catching stations in all 
the areas. 

Culex quinquefasciatus Say.—The south- 
ern house mosquito was abundant in all 
areas except the Norris Area, but not 
as abundant in the places where collec- 
tions were made as C. restuans. No devia- 
tion from described habits was noted. 

Culex pipiens Linnaeus.—The north- 
ern house mosquito was found only in the 
Norris Area. Here specimens were taken 
as larvae from rain barrels, cattle troughs 
and stagnant pools and as adults from 
numerous stations and from the base- 
ments of cattle barns. The species, identi- 
fied by the male genitalia, was found at 
Concord, Tenn., (34° 53’ north latitude). 

Culex apicalis Adams.—This is a com- 
mon species throughout the area stud- 
ied, and, although usually found in grass 
and algae filled spring branches and 
ponds, upon one occasion specimens were 
found breeding in an old septic tank in 
great numbers. The presence of green 
algae in the water causes this species to 
take on a green color. This characteristic 
was also noticed in the Anopheles, Urano- 
taenia sapphirina and Culex inhibitator. 

Theobaldia melanura (Coquillett).— 
Taken only in the Wilson Dam Area. One 
adult female was taken in the adminis- 
tration building on March 17. Larvae 
were taken near Wilson Dam at intervals 
during the months of May and June. 
They were breeding in water at the bases 
of trees and stumps and seemed to prefer 
places chosen by Aedes thibaulti. No great 
numbers found at any one time. 

Theobaldia inornata (Williston ).—Theo- 
baldia inornata was collected in great 
numbers, between March 30 and April 8, 
from a wet weather pond in an open cow 
pasture. A few specimens were also col- 
lected from a ditch where Culex apicalis, 
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(. salinarius, Anopheles punctipennis and 
(’. restuans were breeding. 

Psorophora howardti Coquillett.—Repre- 
sentatives of this species occurred through- 
out the area, but only a few were taken 
near Norris. This is a viscious biter. 
On account of its cannibalistic habits each 
larva must be isolated if adults are to be 
reared. Occurs throughout the summer. 

Psorophora ciliata (Fabricius).—This 
species was not found in the Norris 
Area, but was more abundant in the other 
areas than P. howardii. Collections were 
made all summer and several times from 
the live-calf trap. 

Psorodophora ferox (Humboldt ).—The 
adults were very abundant in certain 
places around Wilson Dam, but they were 
not taken at Norris. They are quite an- 
noying during the daytime in woods near 
ponds. Adults were also taken in live-calf 
traps. 

Psorophora varipes (Coquillett ).—One 
collection of adults only was made. This 
was in a heavy and recently drained 
tupelo swamp near Guntersville, Ala. 
They were collected, while biting, on 
July 29. P. feroxr, P. cyanescens and Aedes 
triseriatus were also present and biting at 
the same time. 

Psorophora cyanescens (Coquillett).— 
This species was probably the most abun- 
dant Psorophora in the Muscle Shoals 
Area, although not taken at Norris. 
On numerous occasions it was taken, 
while biting, in the woods. On one oc- 
casion, a considerable number was col- 
lected by G. E. Smith, in a parked 
automobile, by lowering the window 
glasses for short intervals and permitting 
a few specimens to enter. Larvae were 
collected from temporary pools from May 
to September. 

Psorophora discolor (Coquillett ).—Lar- 
vae of this species were collected from 
the Norris Area from July 10 to October 
18. A collection of larvae was made at 
Huntsville, Ala., during September. They 
were found breeding in a grassy and some- 
what polluted pond, a pool under a 
corner of a barn and in a shallow auto- 
mobile rut. The larvae in the rut remained 
motionless on their backs, seemingly an- 
chored to the bottom by their breathing 
tubes; they were easily collected with a 
tea strainer. Other collections were ob- 
tained while dipping for other species. No 
adults were obtained but those reared. 
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»sorophora columbiae (Dyar and Knab). 
—Collections of larvae and adults of 
this species where in all areas. This spe- 
cies was found breeding mostly in tem- 
porary rain pools, in ruts or low places of 
a temporary nature. The adults were ob- 
tained, while biting, near these places or 
from live-calf traps. 

Psorophora signipennis (Coquillett ).— 
One adult female was obtained, but was 
lost in the mail when sent for confirma- 
tion. Identification doubtful. 

Mansonia perturbans (Walker).—This 
mosquito was taken at rare intervals 
at one of the Wilson Dam mosquito sta- 
tions and quite regularly at one of the live 
traps located near Decatur, Ala. Both the 
mosquito station and the calf trap were 
near rather extensive areas of cat-tails. 
No attempt was made to collect the larvae 
by McNeel’s method (McNeel 1934). 

Uranotaenia sapphirina (Osten-Sacken). 
—Uranotaenia sapphirina was collected 
from grassy pools near Concord and 
Tazewell, Tenn., and from numerous 
places in the Muscle Shoals Area. Adults 
were not taken in any of the stations, al- 
though these stations were close to breed- 
ing areas. 

Orthopodomyia alba Baker.—From June 
25 to August 4 Orthopodomyia alba® 
larvae were taken from a sweet gum tree 
hole near Wilson Dam, Ala. Specimens 
were present with O. signifera, Aedes 
triseriatus and Anopheles barberi. 

No others of this species were found in 
spite of the numerous tree hole collections 
made during this period in various points 
throughout the Tennessee Valley Author- 
ity’s area in northern Alabama and Mis- 
sissippi. No adults were obtained except 
six which were reared. 

Orthopodomyia signifera (Coquillett ).— 
Collected from one tree hole near Coal 
Creek, Tenn., in the Norris Area and 
from several tree holes in the Muscle 
Shoals Area. Specimens were also fur- 
nished by H. A. Johnson from Reelfoot 
Lake, Tenn. They are often very abun- 
dant in tree holes. One adult was taken 
from a house in Wilson Dam, but it had 
made no attempt to bite. 

Megarhinus septentrionalis Dyar and 
Knab.—This is probably the largest and 
most striking mosquito that was col- 
lected. Records were obtained from a rain 
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barrel near Tazewell, Tenn., where they 
were found with Culex pipiens and C. 
restuans; also from Coal Creek, Tenn., 
where they were breeding with Ortho- 
podomyia signifera in a stump hole. One 
adult was caught in daylight near the 
stump in which the larvae were found. 
The particular buzz they make while fly- 
ing is high pitched and distinctly charac- 
teristic. No specimens were found in the 
other areas, but doubtless the species 
occurs there. 


Baker, F. C. 1936. A new species of Orthopodomyia, O. alba Sp. N. (Diptera, Culicidae). 
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For more than half a century, arsenical 
insecticides have been used on plants for 
the control of chewing insects. During the 
early part of this period the main arseni- 
cals used for this purpose were Paris 
green, London purple, Scheele’s green; to 
a lesser extent other arsenates and ar- 
senites, and even white arsenic were used. 
Most of these materials were effective 
against various insect pests but were also 
toxic to the plants to which they were 
applied. It, therefore, became necessary 
to study the effect of various arsenicals 
on plants; as a result, it was found that 
plant injury was due to soluble arsenic. 

Attention was then turned to the use 
of the more insoluble arsenicals in the 
hope that some of these materials which 
were not injurious to plants would be 
highly toxie to insects. Acid lead arse- 
nate, calcium arsenate and magnesium 
arsenate most nearly met these require- 
ments, and are, with the exception of 
Paris green, the only arsenicals exten- 
sively used today for the control of 
chewing insects on plants. For many in- 
sects these insoluble arsenicals were found 
to be as toxic as, or only slightly less toxic 
than, the much more soluble arsenicals 
formerly used. Since only soluble ma- 


* Ear!y publication of this paper has been secured by payment 
of the printing charge. 
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terials can pass through the cell walls 
lining the digestive tract, it is obvious 
that these slightly soluble arsenicals must 
become more soluble within the ali- 
mentary tract of insects before poisoning 
“an occur. 

Evidence that an increase in solubility 
actually occurs was presented by Cook & 
McIndoo (1924). Additional evidence was 
furnished by Fulmek (1929) who found 
that the relative solubilities of some ar- 
senicals in NaOH-glycine buffer mixtures, 
having a pH 9.0, was indicative of the 
relative toxicity of these materials to one 
species of beetle and three species of cater- 
pillars. It would appear, therefore, that 
the effectiveness of these poisons to an 
insect would be determined largely by the 
effect of the insect’s digestive juices upon 
the solubility of the poison. The research 
herein reported approached the problem 
of relative toxicity from this standpoint 
and consisted of a study of the digestive 
secretions of insects, the determination of 
the effect of hydrogen ions and phosphate 
ions on the solubility of acid lead, ealeium 
and magnesium arsenates, and the deter- 
mination of the relative toxicity of these 
poisons to various insects. 

Digestive Tract or INsects in RELA- 
TION TO Toxicity OF ARSENICAL INSECTI- 
cipEs.—The main factors in connection 
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with the digestive tract which would be 
expected to influence toxicity are the 
structure of the digestive tract and the 
nature of the digestive juices, with special 
reference to the acidity and the anions 
and cations present. The previous know]- 
edge concerning these factors will be 
briefly reviewed and the results from the 
present investigation given. 

STRUCTURE AND FUNCTIONS OF THE 
ALIMENTARY Tract or INsects.—The 
fore-gut of insects is lined with a relatively 
thick chitinous intima and serves mainly 
as a temporary storehouse for the food. 
While it secretes no digestive enzymes, 
some of the digestive fluids pass from the 
mid-gut into the fore-gut, and the pre- 
liminary stages of digestion of the food 
take place there. The evidence available 
from the work of Abbott (1926), Bieder- 
mann (1898) and Basch (1858) indicate 
that little or no absorption of water-solu- 
ble compounds occurs in the fore-gut due 
to the thickness of the chitinous lining of 
this section of the gut. However, consid- 
erable evidence is presented by Abbott 
and Biedermann indicating that the ab- 
sorption of fats and fat-soluble materials 
can take place in the fore-gut and that 
the chitinous lining is permeable to fats. 

The mid-gut has little or no chitinous 
lining, but is composed largely of secre- 
tory cells whose function is to manufac- 
ture and secrete the digestive juices. The 
mid-gut absorbs most of the digested 
material, which must pass through a peri- 
trophic membrane surrounding the food. 

The hind-gut has a thin, chitinous lin- 
ing through which water, water-soluble 
materials and fats are absorbed very 
slowly. Its main functions would appear 
to be, first, the conservation of water for 
the organism by its removal from the indi- 
gestible materials and, second, the elimi- 
nation from the organism of waste ma- 
terials. 

Since the arsenical poisons are water- 
soluble rather than fat-soluble, it is evi- 
dent from the above discussion that the 
mid-gut is the principal region for the ab- 
sorption of these poisons, with the proba- 
bility that some is absorbed in the hind- 
gut. The work of O’ Kane & Glover (1935) 
would indicate that some of the soluble 
arsenic might also pass through the heavy 
chitinous lining of the fore-gut, as they 
were able to demonstrate penetration of 
soluble arsenic through the chitinous 
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prothorax of cockroaches. Certainly, how- 
ever, the absorption occurring in the fore- 
gut would be of less importance than that 
occurring in the mid-gut. 

Acipity oF THE Dicestive TRaAcT oF 
Insects.—The acidity of the digestive 
tract of insects has been of interest to 
entomologists since early in the nine- 
teenth century. Marcel de Serres (1813) 
reported finding the mid-gut secretions 
of Orthoptera alkaline, Basch (1858) re- 
ported the mid-gut secretions of the 
oriental roach neutral or alkaline and 
Frenzel (1882) reported these secretions 
alkaline in the mealworm. 

Plateau (1873), after working upon 
Blatta americana, Acrididae and Locus- 
tidae, stated that, in general, carnivorous 
and omnivorous insects with chewing 
mouthparts have a slightly acid digestive 
juice, while plant feeding insects always 
have an alkaline digestive juice. How- 
ever, Swingle (1931b), reporting work 
upon 41 species of insects, concluded, 
“No satisfactory correlation can be made 
from these results between the acidity 
and the type of food eaten by the inseet. 
In general it might be said that the 
mid-gut tends to be more acid than the 
fore- and hind-guts in carnivorous in- 
sects, while it is more alkaline in phytoph- 
agous species, but this is not always the 
case. Samples from larvae seem to be 
much more alkaline than samples from 
adults of the same species, especially 
among the Coleoptera.” 

The range of acidities found in the mid- 
gut contents of species in the various 
orders of insects was compiled from the 


Table 1.—The range of acidity in the mid-gut 
contents of insects in the various orders. 





Rance ix pH 

Ween OO Mip-Gut 
UME CONTENTS 

OBSERVER or 2 


ORDER ‘ om 
SPECIES § WMini- 


Maxi 
mum 


Bodine (1925), 
Swingle (1931b), 
Wigglesworth 
(1927) 

Swingle (1931 b) 

Shinoda (1930b), 
Swingle (1931b) 

Swingle (1931b) 

Shinoda (1930b), 
Swingle (1930a), 
Swingle (1931b) 

Shinoda (1930a), 
Swingle (1928). 
Swingle (1931b) 

Trichoptera Shinoda (1930b) 

Diptera Swingle 1928 

Hymenoptera Swingle (1931b), 

Tietz (1924) 


Orthoptera 


Neuroptera 
Odonata 


Hemiptera 
Coleoptera 


Lepidoptera 
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published records of various workers and 
recorded in table 1. From these data it 
appears that in many orders the digestive 
juices range from acid to alkaline, but in- 
sufficient records are available to draw 
any conclusions concerning the majority 
of orders. All species of Lepidoptera 
studied had alkaline digestive fluids. 
While wide variation has been found to 
exist in the acidity of the mid-gut con- 
tents of different species within an order, 
much less variation has been found to 
exist within a species. Wigglesworth 
(1927) and others have found considerable 
variation in the acidity of the crop, de- 
pending on the type of food eaten and the 
stage of digestion of the ingested food, 
but much less variation in the reaction of 
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the contents was removed from the mid- 
gut by pricking the wall with a scalpel 
and collecting the juice with a pipette. 
The pH was determined immediately by 
using the quinhydrone electrode for fluids 
having an acid reaction and the hydrogen 
electrode for those with an alkaline reac- 
tion. Separate determinations were made 
on fifteen individuals of each species and 
the results averaged. 

Resutts or Tests oN DIGESTIVE 
Juices.—The results of these tests for 
the nine species of insects used are given 
in table 2. The digestive juices of these 
insects varied in acidity from pH 5.9 to 
9.6. The three species of lepidopterous 
larvae and the adult click beetle had al- 
kaline digestive juices, while five species 


Table 2.—Hydrogen-ion concentrations of the digestive secretions of various insects and the prin- 





cipal anions and cations present. 


INSECT 


Banded cucumber 
beetle 


Diabrotica balteata Lec. 


Epilachna varivestis Muls. 
Epilachna varivestis 
Leptinotarsa decimlineata (Say 
Epicauta vittata F. 
Anthonomus grandis Boh. 
Monocrepidius lividus (De G. 
Heliothis obsoleta (F.) 

Datana integerrima G. & R. 
Protoparce sexta (Johan. 


Boll weevil 

Click beetle 

Corn ear worm 
Walnut caterpillar 
Tomato worm 


Common NAME 


Mexican bean beetle 
Mexican bean beetle 
Colorado potato beetle Adults 6.4 
Striped blister beetle 


STAGE gre ANIONS Cations 
Geet PRESENT PRESENT 
Adults 5.9 PO, CO; K, Na, Ca, Mg 
Adults 6.0 PO, NO, K, Na, Ca, Mg 
Larvae 6.0 PO, CO; Kk, Na, Ca, Mg 
PO, CO; K, Na, Ca, Mg 
Adults 6.6 PO, kK, Na, Ca 
Adults 6.5 * * 
Adults 7.3 PO, k, Ca, Na 
Larvae 8.0 PO, K, Ca, Na 
Larvae 9.5 PO, NO: CO; K, Na, Ca, Mg 
Larvae 9.6 PO, Cl, NO K, Na, Ca 





* Insufficient material present for analysis. 
t Average from 15 separate determinations, 


the mid-gut, as would be expected from 
the fact that the digestive juices are se- 
creted there. Swingle (193la) found that 
the digestive fluids of Japanese beetle 
larvae were buffered against acids and 
that the ingestion by the larvae of soils 
varying in pH from 3.47 to 6.45 had no 
influence on the acidity of the digestive 
tract. 

Mernop or DetTeRMINING ACIDITY OF 
Dicestive Juices.—It is apparent from 
the above discussion that the acidity of the 
digestive juices must be determined for 
each species of insect under investigation. 
In the present investigation freshly fed in- 
sects were used in order to secure copious 
secretions of digestive fluids. These in- 
sects were anaesthetized and the digestive 
tracts removed. Each digestive tract was 
washed with distilled water. A sample of 


of leaf feeding beetles had acid digestive 
secretions. Apparently, therefore, Pla- 
teau’s contention that all leaf feeding in- 
sects have alkaline digestive juices was 
based on insufficient evidence. 

ANIONS AND CATIONS IN THE DIGEs- 
TIVE Juices or INsects.— Little work has 
been done on the anions and cations in 
the digestive secretions responsible for 
the pH of the digestive fluids. Frenzel 
(1882) found magnesium and phosphate 
ions present in the digestive secretions 
of the yellow mealworm, Tenebrio molitor 
L., and also in that of various Coleoptera, 
Orthoptera, Neuroptera and Homoptera. 
He concluded that magnesium phosphate 
was present in the digestive secretions of 
all Hexapods and possibly in those of all 
Arthropods. Vangel (1886) reported find- 
ing magnesium phosphate in the digestive 
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secretion of Hydrophilus piceus L. Kirk- 
land & Smith (1897) found potassium 
phosphate in the digestive tract of 27 
species of lepidopterous larvae. Bieder- 
mann (1898) reported that the alkalinity 
of the digestive juices of the yellow meal- 
worm, 7. molitor L., was due to an acid 
phosphate of sodium or _ potassium. 
Swingle (1930b) reported finding the fol- 
lowing cations and anions in the digestive 
juices of Japanese beetle larvae: Al, Fe, 
Ca, Mg, k, Na, NH,, CO;, ei. NO, 
PO,. He also reported (193la) that the 
digestive secretions of the mid-gut had a 
pH 9.5, and possessed considerable buffer- 
ing power against acids. It would appear, 
therefore, that the pH and_ buffering 
power of the digestive juices of this 
insect were due to the phosphate of a 
strong base (either Mg, Na, K or NH,). 

The evidence available would seem to 
indicate that the digestive secretions of 
most insects contain the phosphate ion 
combined with one or more bases. In order 
to secure definite information on the in- 
sects used in these tests, analyses were 
made of the mid-gut secretions of a num- 
her of economically important insects. 

Metuops FoR DETERMINING ANIONS 
ND Cations Present.—For the deter- 
mination of the anions and cations pres- 
ent in the digestive Juices of each species, 
from 10 to 100 specimens, depending on 
their size, were dissected and the digestive 
juice removed as described above. Tests 
for ammonia were made on the fresh ma- 
terial. The remainder of the juice was 
dried, ashed and then analyzed by the 
microchemical methods of Hinrichs (1904) 
and Chamot (1921). These results were 
checked by standard qualitative analyti- 
cal methods where sufficient material was 
available. The presence of the phosphate 
ion was further checked by allowing fresh 
juice to evaporate at room temperature, 
extracting with distilled water and testing 
the extract by the Benedict-Theis (1934) 
colorimetric method. Where necessary, 
the samples were concentrated by evapo- 
ration sufficiently for the principal inor- 
ganic materials present to give a test. It 
is evident, therefore, that the anions and 
cations reported were merely those most 
abundant. 

Resutts or Tests ror ANIONS AND 
(\T1Ions.—The results of these analyses 
ure given in table 2. Phosphate was the 
only anion found in the mid-gut of all 


SwINGLE: RevaTive Toxicities oF THREE ARSENATES 


433 


insects tested. These results and those of 
other workers cited above would appear 
to justify the statement that phosphoric 
acid is a component of the digestive juice 
of most, if not all, insects. The other acids 
reported were present in traces only. 

Potassium was the only cation found 
abundant in any of the species tested, but 
it was present in very small amounts in 
mid-guts with an acid reaction. Small 
amounts of magnesium, calcium and so- 
dium were found in various species. The 
evidence at hand does not justify drawing 
any conclusions as to the cations with 
which the phosphate ion was combined. 
From the variations in the acidity of the 
mid-guts of various insects, it would ap- 
pear probable that this differs with dif- 
ferent species. 

Factors Arrectinc Rate oF SoLvu- 
TION OF ArRsENIC.—In order that the ac- 
tion of the arsenical insecticides might be 
more fully understood, it was important 
to determine the factors affecting the rate 
of solution of the arsenic. Since the pH of 
the solution is known to affect the solu- 
bilities of relatively insoluble compounds, 
it was considered advisable to determine 
the effect of solutions of various hydrogen 
ion concentrations on the arsenical insec- 
ticides. As the phosphate ion appeared to 
be a component of the digestive juices of 
insects, it also appeared important to de- 
termine the effect of this anion on these 
same poisons. 

In these studies and in those succeed- 
ing, commercial grades of three arsenates 
were used. They were analyzed by the 
official methods (Association of Official 
Agricultural Chemists 1924) and found to 
contain the following amounts of arsenic, 
expressed as AsoQ;: 

Acid lead arsenate—31.03 per cent 
total, and 0.18 per cent water-soluble 
arsenic 

Calcium arsenate—42.7 per cent total 
and 0.10 per cent water-soluble arsenic 

Magnesium arsenate—33.04 per cent 
total and 0.12 per cent water-soluble ar- 
senic 
These analyses are typical of good com- 
mercial grades of the above arsenates. 

Metuops ror DeTerRMINING RATE OF 
SoLuTION oF ArsENIc.—Buffer solutions 
were made with acetic acid, potassium 
acetate and potassium hydroxide for the 
pH range 2.0 to 10.0 at intervals of 1.0 
pH. The pH values of the solutions were 
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checked with the hydrogen electrode be- 
fore the addition of the arsenicals and 
subsequently by the quinhydrone elec- 
trode for the values below 8.0 and by the 
colorimetric method for higher pH values. 
This change in method was necessary due 
to the “poisoning” of the hydrogen elec- 
trode by the soluble arsenic. Two grams 
of acid lead arsenate was added to 1 liter 
of buffer solution and the mixture incu- 
bated for a total of 50 hours in a water 
bath at 32+0.1 degree C. Caleium and 
magnesium arsenates were used in 
amounts equivalent in arsenic content to 
the above amount of acid lead arsenate. 
Since the acetate-KOH solutions were 
poor buffers, their reactions were checked 
hourly for the first 10 hours and acid or 
alkali was added as needed to maintain 
the proper pH value. At intervals of 1, 2, 
5, 10, 25 and 50 hours the flasks were 
shaken and 100 ml. aliquots removed for 
analysis. These aliquots were immediately 
filtered and analyzed for soluble arsenic 
by the official methods (Association of 
Official Agricultural Chemists 1924). 

Since phosphates were found to be 
present in the digestive tracts of the in- 
sects used in this investigation, a second 
series of buffer solutions was made up 
using Ke_HPO,, H;PO, and KOH. The 
arsenical insecticides were added and 
their rates of decomposition measured as 
above. 

Resutts or Acip Leap ARSENATE 
Tests.—The effect of acetate-KOH buf- 
fers on acid lead arsenate is given in table 
3. The arsenic in acid lead arsenate was 
slightly soluble at pH 2.0, relatively in- 
soluble at pH 3.0 to 5.0, and the solubility 


Table 3.—Effect of hydrogen-ion concentra- 
tion on the solubility of arsenic in acid lead 
arsenate.* 





SoLtuBLE Arsenic as As,Qs. 
MruurGrams Per Liter 
pH 
l 2 5 10 25 50 
Hour Hours Hours Hours Hours Hours 


1.93 33 33 36 56 37 38 


3.06 33 82 32 35 36 37 
O01 24 29 29 $1 380 30 
5.05 6 15 15 17 14 14 
3.20 11 14 21 33 32 $2 
00 10 12 21 36 82 46 
00 10 17 36 76 122 167 
8.98 18 28 83 148 182 207 
.00 29 41 143 162 189 207 





* 2.0 grams PbHAs@, used per liter 


JouRNAL oF Economic ENTOMOLOGY 


Vol. 31, No. 3 


increased with increase in alkalinity from 
pH 6.0 to 10.0. 

The effect of a series of phosphate-KOH 
buffers on acid lead arsenate is given in 
table 4. It is apparent that the phosphate 
ion was without effect on the solubility 
in the acid range pH 2.0 to 5.0, but its 
presence increased the amount of soluble 
arsenic in the range pH 6.0 to 10.0. It 
would appear, therefore, that in insects 
with an alkaline digestive fluid the pres- 
ence of phosphates in this fluid should in- 
crease the toxicity of acid lead arsenate. 

Table 4.—Soluble arsenic formed by the de- 


composition of acid lead arsenate* in phosphate 
buffer solutions. 





SOLUBLE ARSENIC AS AsO. 


; Mutuicrams Per Liter. 
pH OF 


SOLUTION 2 2 2 
as 1 5 10 25 50 


Hour Hours Hours Hours Hours 


0 ; 18 18 20 

0 : ~ 8 ; 
0 8 8 8 
0 10 12 
5.0 18 24 
0 6 120 204 300 
0 170 252 300 865 
9.0 224 275 300 370 
10.0 252 290 310 865 





* 2.0 grams PbHAsQ, used per liter 


In order properly to interpret the above 
results, several important questions must 
be answered. First, were the changes in 
soluble arsenic reported in table 3 due 
to changes in the hydrogen ion concentra- 
tion of the solution or were they due to 
the changes in the concentration of potas- 
sium which accompanied higher alkalin- 
ity? Second, to what extent did changes 
in the concentration of acids, bases or 
salts in buffer solutions of a given pH in- 
fluence the amount of soluble arsenic? 
Third, why did the presence of the phos- 
phate ion increase the soluble arsenic 
only in the alkaline range? 

In order to answer the first question, 
experiments were set up in which the po- 
tassium concentration was varied while 
the hydrogen ion concentration was con- 
stant, and in which the hydrogen ion con- 
centration was varied while the potassium 
concentration remained constant. The re- 
sults, given in table 5, indicate that the 
effect of any given concentration of po- 
tassium was dependent on the hydrogen 
ion concentration of the solution. It would 
appear, therefore, that the changes in 
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Table 5.—Effect of potassium, acetate and phosphate concentrations on the solubility of the arsenic 


in acid-lead arsenate. 





No. Grams Per 1000 cc.* 


Potassium Phosphoric 
Hydroxide Acid 


_— Initial 
0.4978 

.1059 0.4978 

.1927 
.1927 0.9898 
2679 
2.2675 0240 
.5170 
5170 
2.3798 


52 


4490 


pH VaLves 


SOLUBLE ARSENIC AS As.O; 
MILLIGRAMS Per Liter 


Final 1 hr. 2 hrs. 5 hrs. 


-~ 


‘ 


9 


9 

6 
10 
113 
8 
102 


rsonoonc 


a a 
~~ 





* One gram PbHAsO, used per liter. 


soluble arsenic reported in table 4 were 
not due to changes in the concentration 
of potassium, but were correlated with 
changes in the concentration of the hydro- 
gen ion. 

In order to answer the second question, 
the acid, base and salt concentrations 
were varied at pH 5.0 and 8.0. The results 
are given in table 6. It is apparent from 
these results that the concentration of the 
acetate radical in an acid solution influ- 
enced the amount of soluble arsenic 
slightly and in the alkaline solution prac- 
tically not at all. The concentration of the 
phosphate radical was without effect in 
the acid solution, but in an alkaline solu- 
tion the amount of soluble arsenic in- 
creased with increases in the concentra- 


tion of phosphate until approximately $0 
per cent of the arsenic present had been 
rendered water-soluble. After reaching 
this point, the amount of soluble arsenic 
remained the same regardless of the phos- 
phate concentration. 

It would appear from these studies that 
the concentration of acid radicals, bases 
and salts influenced to a slight extent the 
amount of arsenic rendered soluble in a 
buffer solution of a definite hydrogen ion 
concentration. However, the amount of 
arsenic in solution appeared to be influ- 
enced to a much greater extent by the 
hydrogen ion concentration. The results 
given in table 4 and 5 may, therefore, be 
considered approximately accurate quan- 
titatively for any given hydrogen ion con- 


Table 6.—Effect of salt concentration on the solubility of the arsenic in acid lead arsenate* at 


pH 5.0 and 8.0. 





Grams Per 1000 cx 


CH,COOK CH;COOH KOH H K.HPO, 


4. 
Si 


0 
0 
0 
0 
0 7 
2.0 


0.6589 
0.0940" 
3.1008 
0.3507 
05438 
0.6918° 
9180 } 
$ 
16 
16 
32 
$2 


0.04708 

5887 
0.1448° 

4967 
0.2735 


Waa seee SoLUBLE ARSENIC AS As2QO, 
I > Minuicrams Per Liter 


Initial Final hr. @hrs. Shrs. 25 hrs. 


6 
112 
22 
123 
28 
134 


0 
0 
0 
0 


5.10 
20 
5.05 
8.40 
5.00 
.20 
5.10 
05 
20 
05 
5.00 
20 


11 


56 


Vooseo 


~ 
17 


x 


6 


~~ 


11 


6 


° >) Me Ms me « 





0 KOH added during incubation to maintain pH 
0. 
0.1476 ¢ 
0.0902 ¢ 

—0.0287 g. KOH added during incubation to maintain pH 

* Two grams PbHAsO, used per liter 


1640 ¢g 


8 


_ 
8 


1599 g. KOH added during ‘ncubation to maintain pH =8 
- KOH added during incubation to maintain pH =8 
. KOH added during incubation to maintain pH = 
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centration of an insect’s digestive juices. 

In answering the third question it ap- 
peared logical that the increase in soluble 
arsenic in the presence of the phosphate 
ion might be due to precipitation of part 
of the lead as lead phosphate. Therefore, 
the effect of hydrogen ion concentration 
on the solubility of the lead in lead phos- 
phate and in lead arsenate was deter- 
mined by using acetate-KOH solutions. 
These lead salts were used at the rate of 
1.286 grams Pb per liter (2 grams acid 
lead arsenate and 1.6946 grams lead 
phosphate) and incubated at 32 degrees 
C. for 25 hours. The lead was determined 
by the Harris method (Wichmann et al. 
1934) and the results are given in table 7. 

Table 7.—Solubility of the lead* in acid lead 
arsenate and lead phosphate at various hydrogen 
ion concentrations. 





pH or MILLIGRAMS SOLUBLE Ps Per Liter 


SOLUTION 


Acid Lead Arsenate Lead Phosphate 
0 é 287 
3.0 Ss S4+ 
0 78 104 
5.0 5 24 
3.0 3 
.0 2 
5.0 
.0 
10.0 


www new 





* 1.286 grams Pb used per liter 


These results indicate that moderate 
concentrations of phosphate in acid solu- 
tion might not be expected to increase the 
solubility of the arsenic in acid lead arse- 
nate, due tothe solubility of the lead under 
these conditions. In alkaline solutions, 
however, the lead in both acid lead arse- 
nate and in lead phosphate was tied up in 
insoluble form and, therefore, the pres- 
ence of the phosphate ion under such con- 
ditions would be expected to increase the 
soluble arsenic by tying up part of the 
lead from acid lead arsenate as an insol- 
uble lead phosphate. Apparently this ac- 
tually occurs as is indicated by the results 
given in table 4. 

Resutts or Catctum ARSENATE TEstTs. 

‘The effect of hydrogen ion concentra- 
tion on the solubility of the arsenic in 
calcium arsenate is shown by the data in 
table 8 for the acetate-KOH buffer solu- 
tions and in table 9 for the phosphate- 
KOH buffers. It is apparent that calcium 
arsenate behaved directly opposite to 
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Table 8.—Effect of hydrogen ion concentra- 
tion on the solubility of the arsenic in calcium 
arsenate.* 











SoLuBLE ARSENIC As AsoO;, 
Miviicrams Per Lrrer Arrer 


pH 
1 2 5 10 25 50 

Hour Hours Hours Hours Hours Hours 

622 

622 

622 


622 
622 
622 


623 
623 
622 


_ 


.93 622 
3.06 619 
01 622 
.05 594 594 GO2 597 594 597 
.20 389 = =289 $45 430 433 438 
00 20 28 58 58 58 58 
00 35 47 62 70 82 85 
98 34 48 56 67 67 59 
00 36 53 53 67 70 53 


619 
622 
622 


619 
619 
622 


~ 


i ? 2 en 


~ 
— 





* 1.453 grams calcium arsenate used per liter. 


acid lead arsenate, the former being com- 
pletely soluble in the acid range and much 
less soluble in the alkaline range. The 
effect of the phosphate ion on the amount 
of soluble arsenic produced was to de- 


Table 9.—Soluble arsenic formed by the de- 
composition of calcium arsenate* in phosphate 
buffer solutions. 





SoLuBLE ARSENIC As As,O; 
MituicraMs Per Lirer AFrrer 


pH OF 
SOLUTION T 


1 5 10 25 50 
Hour Hours Hours Hours Hours 
600 610 
450 600 
424 598 
330 470 
66 108 
42 76 
f 86 78 
9. 33 74 
10. 30 76 


600 

604 
600 
550 
120 
108 
110 
110 
112 


610 
616 
608 
600 
124 
120 
117 
118 
120 





* 1.453 grams calcium arsenate per liter. The arsenate an- 
alyzed 42.7 per cent AsO. 
wa proper pH was maintained by the addition of acetic 
crease it slightly in the acid range and 
increase it slightly in the alkaline range. 

Resutts oF MaGnestum ARSENATE 
Tests.—The effect of hydrogen ion con- 
centration on the solubility of the arsenic 
in commercial magnesium arsenate is 
shown by the data in table 10 for the 
acetate- KOH buffer solutions and in table 
11 for the phosphate-KOH buffers. Mag- 
nesium arsenate was apparently similar 
to calcium arsenate in behavior, but dif- 
fered in several particulars. At pH 4.0 it 
was less soluble than calcium arsenate, 
but at pH 5.0 to 6.0 it was more soluble. 
In the alkaline range it was much more 
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insoluble. The presence of the phosphate 
ion increased the soluble arsenic slightly 
in the range of pH 6.0 to 10.0. 
ReLative Toxicities OF THE THREE 
ArSENATES.—The factors brought out in 
the preceding sections which would be ex- 


Table 10.—Effect of hydrogen-ion concentra- 
tion on the solubility of arsenic in magnesium 
arsenate.* 








SoLuBLE ARSENIC AS AsoO;, 
MILuiGrRAMsS Per Lirer AFTER 
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.93 
3.06 
O01 
5.05 
3.00 
.00 
8.01 
.98 
.00 


Hour Hours Hours Hours Hours Hours 


602 
588 
549 
18 

3 


608 
596 
599 


56 
6 


3 
l 
3 
3 


5 10 


602 
596 
599 
123 
11 
3 

6 

6 
3 


600 
597 
599 
168 


25 


601 
599 
599 
230 
11 

3 
3 
6 
3 


50 


599 
599 
599 
283 
17 

3 
6 
6 
3 





* 1.8787 grams magnesium arsenate used per liter 


Table 11.—Soluble arsenic formed by the de- 
composition of magnesium arsenate* in phos- 
phate buffer solutions. 





SoLuBLE ARSENIC As As,Q,, 


pH or Mituicrams Per Lirer Arrer 


SOLUTION T 
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tion of the above statements is that it 
should be possible to correlate the relative 
order of toxicity of these arsenates to in- 
sects with the amount of soluble arsenic 
released from these poisons in solutions 
having the same pH as the digestive juices 
of the insect. The amounts of soluble ar- 
senic formed in phosphate solutions of 
known pH, as determined in the preced- 
ing section, are shown graphically in fig. 
1. If the above conclusion is correct, it 
should be possible by the use of this graph 
to determine the relative order of toxicity 
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25 
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600 
598 


596 
604 
600 
266 
118 


598 
598 
600 
270 
130 
Sl 
38 
30 
26 


600 
600 
604 
278 
142 
78 
32 
30 


32 


615 
610 
610 
292 
156 
80 
$2 
$2 


$2 





* 1.8787 grams magnesium arsenate per liter. The arsenate 


nalyzed 33.0 per cent As.Os. 
+ The proper pH was maintained by the addition of acetic 
oid, 


pected to influence the toxicity of the 
arsenates are briefly as follows: Only that 
portion of the arsenic which is soluble is 
toxic to insects; the amount of soluble 
arsenic formed from acid lead, calcium 
and magnesium arsenates is dependent on 
the hydrogen ion concentration of the 
solution; the amount of soluble arsenic 
released at pH values above 7 is increased 
by the presence of phosphates; the diges- 
tive juices of all insects investigated con- 
tained phosphates. 

An obvious conclusion from considera- 


\ 
—. 7 


rsen « 


/0 








S £9. £2. ee 
pH of Phosphate Solutions 


Fic. 1.—Soluble arsenic formed from acid lead, 
calcium and magnesium arsenates in phosphate 
solutions of various hydrogen-ion concentrations, 


of acid lead, calcium and magnesium ar- 
senates to an insect, if the pH in the in- 
sect’s mid-gut is known. For example, for 
an insect whose mid-gut had a pH of 5.0, 
calcium arsenate should be most toxic, 
magnesium next and acid lead least toxic; 
while for an insect whose mid-gut had a 
pH of 10.0, acid lead arsenate should be 
most toxic, calcium next and magnesium 
least toxic. 

It was proposed, therefore to test the 
validity of this assumption by determin- 
ing the relative toxicities of these three 
arsenates to a series of leaf-feeding insects 
representing as wide a range as possible 
in the pH of their mid-gut contents. 

Mertuops or DetrerMINING RELATIVE 
TOXICITIES OF THE THREE ARSENATES.— 
Two ways of securing the desired informa- 
tion on relative toxicities appeared possi- 
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ble. One was to feed known equivalent 
dosages of each poison to a number of in- 
sects and record the time required to 
‘vause death. This is, of course, very de- 
sirable and, while it has been found pos- 
sible to do this in the case of a few insects, 
no method has yet been devised which is 
applicable to a wide range of insects. The 
other way was to feed dosages of each 
poison so many times greater than that 
required to kill that the amount ingested 
by individual insects could be disregarded. 
For this purpose the methods used by 
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75 and 100 per cent determined. The 
averages of all tests are reported in table 
12. The results were analyzed by the 
statistical methods given by Snedecor 
(1934) for significant differences at 50 and 
100 per cent mortality. At 50 per cent 
mortality the minimum difference neces- 
sary between means for the differences to 
be considered significant was determined 
based on odds of 19 to 1. 

Cage experiments in which the insects 
were fed on foliage sprayed with the three 
arsenates at rates equivalent to 1 pound 


Table 12.—Relative toxicity of acid lead, calcium and magnesium arsenates to certain insects at 


25, 50, 75 and 100 per cent mortality. 





Averace Numper Hours Requirep py Various Arsenates TO Kite 


APPROX ve 
pH 1s 25 Per Cent 
Mip-Get 


Pb Cs Me 


Mexican bean beetle 10 
Colorado potato beetle 3 18 
Boll weevil 5 15 
Banded cucumber beetle i 18 
Click beetle 

Corn ear worm 7 
Walnut caterpillar 5 17 
Tomato worm 


4 
5 
5 


50 Per Cent 75 Per Cent 100 Per Cent 


Pb Pb Ca Meg 
16.6 
25.5 
25.3 
18.5 
17 
17. 
19 
17 


14 
19. 
19 
14.5 
14 
9. 
15 
10 


couseconw 
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See cuxw 


euvnck ence | 
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Richardson & Glover (1932) appeared 
suitable, and the following modification 
of this method was used. 

A thick coating of a powdered insecti- 
cide was applied inside the bottom half 
of a Petri dish; the insects were intro- 
duced and covered with the top half of the 
dish. As the mouths of chewing insects 
are located ventrally, they were in con- 
stant contact with the dusts as the insects 
walked around inside the dish, and the 
working of the mouthparts forced large 
amounts of the dust into the digestive 
tract. Checks were run by placing insects 
in empty Petri dishes. Every two hours 
the dead were counted and removed. 

This method appeared suitable for 
practically all insects tested, except those 
with very short fore-guts. In these cases 
the more readily soluble poisons caused 
paralysis before much of the poison had 
been ingested, and more slowly soluble 
poisons killed more quickly than rapidly 
soluble poisons, due to the much larger 
amounts of poison ingested. This diffi- 
culty was overcome by removing all 
groups to clean Petri dishes as soon as any 
group stopped moving. 

The number killed was then plotted 
against the hours required to kill, and the 
number of hours required to kill 25, 50, 


acid lead arsenate to 50 gallons of water 
gave the same order of toxicity as the 
Petri dish method described above. This 
was tried as a check on the above method 
with the Colorado potato beetle, the wal- 
nut caterpillar and the tomato worm. 

Resutts or Tests With Mexican 
Bean Beet es, Epilachna varivestis Muls. 
—The pH in the mid-gut of adults of this 
species was approximately 6.0. The re- 
sults reported in table 12 are the averages 
of eleven separate tests conducted at in- 
tervals throughout the summer and fall 
months on adult beetles. A statistical 
analysis of the results indicated that sig- 
nificant differences existed between the 
averages for these arsenicals at 50 per 
cent and 100 per cent mortality. At 50 
per cent mortality the minimum differ- 
ence in the averages which could be con- 
sidered significant was 1.5 hours. It 
would, therefore, appear that the three 
arsenicals must be considered as differing 
in toxicity to the Mexican bean beetle, 
magnesium arsenate being most toxic, cal- 
cium arsenate a close second, and acid 
lead arsenate least toxic. By examination 
of the solubility of the arsenic in the three 
arsenicals at pH 6.0, fig. 1, it will be seen 
that this is the exact order of their theo- 
retical toxicities to this insect. 
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Resutts or Tests Witrn CoLorapo 
Potato Breetie, Leptinotarsa decimline- 
ata Say.—The pH in the mid-gut of adults 
of this species was approximately 6.3. The 
results given in table 12 are the averages 
of five separate tests upon the adults. A 
statistical analysis of the results indicated 
that at 50 per cent mortality a minimum 
difference between the averages which 
could be considered significant was 4.2 
hours. It would appear, therefore, that no 
significant difference was demonstrated 
between the toxicities of calcium and 
magnesium arsenates, but that acid lead 
arsenate was significantly less toxic than 
either of the other two arsenicals. By 
reference to fig. 1, the theoretical toxici- 
ties of the three arsenicals at pH 6.3 are 
seen to be as follows: magnesium arsenate 
should be only slightly more toxic than 
calcium arsenate, and acid lead arsenate 
considerably less toxic than either of the 
other two. While no difference in toxicity 
was demonstrated between magnesium 
and calcium arsenate, very close agree- 
ment is evident between the theoretical 
and actual relative toxicities. 

Resutts or Tests With Srripep 
BuisteR BrEetLe, Epicauta vittata F— 


The pH in the mid-gut of adults of this 
species was approximately 6.6. The re- 
sults given in table 12 are the averages of 
three closely agreeing tests conducted 
simultaneously with adults. A statistical 
analysis of the results indicated that at 
50 per cent mortality a minimum signifi- 


cant difference between the averages 
would be 3.9 hours. It would appear then 
that no significant differences existed be- 
tween the averages reported, and by ref- 
erence to fig. 1, it may be seen that at pH 
6.6 the solubility of the three arsenicals 
is approximately equal. 

Resvutts or Tests Witn Boi WEEVIL, 
Anthonomus grandis Boh.—The acidity of 
the mid-gut of this insect averaged pH 
6.5, but individual weevils varied from 
pH 6.2 to 7.1. The results on toxicity like- 
wise varied in the four tests which were 
conducted. 

A statistical analysis of the results in 
table 12 indicated that no differences were 
demonstrated between treatments, the 
minimum significant difference necessary 
hetween averages at 50 per cent mortality 
being 6.8 hours. By reference to fig. 1, it 
appears that the acidity of the digestive 
juices of this insect varies around the 
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point where these arsenates should be ap- 
proximately equal in toxicity. 

Resutts or Tests With Cuick 
Bretie, Monocrepidius lividus (De G.).— 
The pH in the mid-gut of adults of this 
species averaged 7.3. The results given in 
table 12 are the averages of three closely 
agreeing tests which were run simultane- 
ously. No points were located for the 25 
per cent mortality. The minimum differ- 
ence between averages which could be 
considered significant at 50 per cent mor- 
tality is 1.7 hours. It is apparent that 
acid lead arsenate was most toxic, while 
no significant difference in toxicity was 
demonstrated between calcium and mag- 
nesium arsenates. Data in fig. 1 indicate 
that acid lead arsenate would be expected 
to be most toxic, calcium next and mag- 
nesium least toxic. The difference be- 
tween the toxicities of calcium and mag- 
nesium arsenates, however, would be ex- 
pected to be much less than that between 
these arsenates and acid lead arsenate. 
Fairly close agreement is evident, there- 
fore, between the actual and theoretical 
toxicities, although no difference was 
demonstrated between the relative toxic- 
ity of calcium and magnesium arsenate. 

Resutts or Tests With Corn Ear 
Worm, Heliothis obsoleta (F.).—The mid- 
gut of the larvae of this insect had a pH 
8.0. The results given in table 12 are the 
averages of three closely agreeing tests on 
the larvae which were run simultaneously. 
A statistical analysis indicated that the 
smallest difference between the averages 
which could be considered significant at 
50 per cent mortality was 1.4 hours. It 
would appear, therefore, that significant 
differences between the relative toxicities 
of the three arsenates were demonstrated 
by these tests. Acid lead arsenate was 
most toxic, calcium arsenate was next 
and magnesium arsenate was least toxic. 
This is in agreement with the theoretical 
order of their relative toxicities as indi- 
cated by fig. 1. 

Resutts or Tests With Wa nut 
CATERPILLAR, Datana integerrima G. & 
R.—The mid-gut of the walnut caterpillar 
had an average pH of 9.5. The results 
given in table 12 are the averages from 
five series of tests. A statistical analysis 
of the results indicated that significant 
differences existed between the averages at 
50 per cent mortality and also at 100 per 
cent mortality. The smallest difference in 
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averages at 50 per cent mortality which 
could be considered significant was 7.2 
hours. It would appear, therefore, that 
the arsenates were toxic to this insect in 
this order: acid lead arsenate, calcium ar- 
senate and magnesium arsenate, the last 
being the least toxic. This is also seen to 
be the relative order of their theoretical 
toxicities as shown in fig. 1. 

Resutts or Tests Wits Tomato 
Worm, Protoparce sexta (Johan.).—The 
average pH of the mid-gut of the larvae 
of this species was 9.6. The results given 
in table 12 are the averages of three 
closely agreeing tests on larvae which 
were run simultaneously. A_ statistical 
analysis indicated that the least differ- 
ence which could be considered significant 
between the averages at 50 per cent mor- 
tality was 5.3 hours. Apparently, there- 
fore, the order of toxicity of the arsenates 
to this insect is acid lead arsenate, calcium 
arsenate and magnesium arsenate, the 
last being least toxic. These results are in 
agreement with the theoretical order of 
toxicity as indicated by fig. 1. 

SummMary.—Phosphates were found to 
be a component of the digestive secretions 
of the nine species of insects used in these 
tests. 

The formation of soluble arsenic from 
acid lead arsenate, calcium arsenate and 
magnesium arsenate was largely depend- 
ent on the hydrogen ion concentration of 
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the solution. It was influenced to a lesser 
extent by the concentration of acids, 
bases and salts in the solution. 

The presence of phosphates greatly in- 
creased the amount of soluble arsenic 
formed from acid lead arsenate in alkaline 
solutions. This was apparently due to pre- 
cipitation of part of the lead as lead phos- 
phate, as this compound was found to be 
very insoluble in alkaline solutions. Phos- 
phates influenced the solubility of the 
arsenic in calcium and magnesium arse- 
nates to only a slight extent. 

The relative toxicity of acid lead arse- 
nate, calcium arsenate and magnesium ar- 
senate to nine species of phytophagous in- 
sects was shown to be correlated with the 
relative amounts of soluble arsenic formed 
from these arsenates in phosphate solu- 
tions having the same pH as was found in 
the mid-guts of these insects. 

For insects having an alkaline reaction 
in their mid-gut, acid lead arsenate was 
most toxic and magnesium arsenate least 
toxic; for insects having an acid reaction 
of pH 6.0 in their mid-gut, magnesium ar- 
senate was most toxic and acid lead ar- 
senate least toxic. 

It appears possible to predict the rela- 
tive order of toxicity of acid lead arsenate, 
-alcium arsenate and magnesium arsenate 
to chewing insects, if the hydrogen ion 
concentrations in the insects’ mid-guts are 
known.—4-9-38. 
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The Hydrogen-lon Concentration of Myiotic Wounds 
in Sheep and Goats 


E W. Laake and C. L. Surra,* U.S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


cumbed it remained on the alkaline side. 


The hydrogen-ion concentration of 
positive relationship between 


myiotic wounds in guinea pigs and its re- (4) A 


lation to the oviposition stimulus of 
gravid females of Cochliomyia americana 
C. & P., the screwworm fly, were pre- 
sented by the senior author in a paper 
read at the Thirty-third Annual Meeting 
of the American Society of Tropical Medi- 
cine which was held at New Orleans, La., 
November 30 to December 3, 1937. 

That paper briefly listed the following 
results: (1) The mean pH of wounds in 
guinea pigs having lethal and sublethal 
infestations of serewworms showed a sig- 
nificant increase in alkalinity on the third 
day of myiasis. (2) For the remainder of 
the myiotie period the alkalinity dimin- 
ished only slightly in the case of those 
having lethal infestations but decreased 
more markedly with those having sub- 
lethal infestations. (3) During the post- 
myiotic period the mean pH changed to 
the acid side in the case of all animals 
that survived, whereas in all that suc- 


* Early publication of this paper has been secured by payment 
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the maximum attractiveness of myiotic 
wounds to gravid females of C. americana 
and the period of greatest alkalinity of 
wound exudates was distinctly indicated. 

EXPERIMENTAL ProcepuRE.—The pres- 
ent paper is a report on the determina- 
tion of the hydrogen-ion concentration of 
exudates of 32 wounds in goats and of 20 
wounds in sheep infested with the larvae 
of C. americana. 

The experimental animals were fairly 
uniform as to age and size. Incisions, 14 
inches long and extending through the 
connective tissue underlying the skin, 
were made with a knife or razor blade. 
The wounds, one on each side, were lo- 
cated on the rump about 3 inches behind 
the hip. About 100 first-instar larvae were 
implanted in each fresh wound. 

Colorimetric determination of the pH 
values of the wound fluids was made 
daily, beginning with the fresh (unin- 
fested) wound and continuing through 
myiotic and postmyiotic periods. Wounds 
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that had closed or scabbed over during the 
postmyiotic period were punctured or 
squeezed sufficiently to discharge a 
sample of the enclosed fluid or pus. Tests 
were discontinued when wounds had 
healed to the extent that fluids other than 
blood were no longer present. 

Resutts or Tests.—The results of 
these tests are presented in fig. 1. A com- 
parison of the trend of the mean pH 
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guinea pigs are highly attractive to gravid 
females of C. americana, it is reasonable 
to assume that postmyiotic wounds in 
sheep are more attractive to the flies than 
similar wounds in goats. 

It is well known that postmyiotic 
wounds remain attractive for a longer 
period in some animals than in others. In 
field work it has been observed that 
wounds producing a watery discharge do 
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Graph showing the hydrogen-ion concentration of myiotic and 


postmyiotic wounds in (A) goats and (B) sheep. 


courses in myiotic rump wounds of sheep 
and goats shows that these courses are 
similar except that the changes occur 
sooner in goats than in sheep. The period 
of infestation, however, was practically 
the same in both species of hosts. The 
alkalinity is comparatively high from the 
third to the sixth day. This period, and 
also the peak reached in wounds in both 
sheep and goats, is of considerably greater 
magnitude than that reported for myiotic 
wounds in guinea pigs. This is of distinct 
importance, since it has been demon- 
strated with guinea pigs that a high al- 
kalinity in myiotic wounds is highly at- 
tractive to gravid females of C. americana. 

The course of the mean pH of post- 
myiotic wounds in goats is toward greater 
acidity as long as pus is present, whereas 
in sheep it is alkaline or near-alkaline for 
the entire period. Therefore, since it has 


been shown that alkaline wounds of 


not promptly heal and are exceedingly 
attractive to gravid blowflies for a long 
time. Other wounds which are filled with 
a viscous discharge scab over quickly and 
are much less attractive to blowflies. In 
the experiments with guinea pigs it was 
found that wounds discharging watery 


fluid are definitely alkaline, whereas 
wounds of the other type, which scab 
quickly, are generally acid in reaction. 
This information should prove to be of 
considerable economic importance as a 
guide in the selection of chemicals to be 
tested as larvicides, ovicides and repel- 
lents. In addition, it suggests a treatment 
for long-draining or slowly healing post- 
myiotic wounds—; namely, to acidify the 
wound by either local or internal medica- 
tion. This is confirmed by the results of 
studies of other septic wounds by Apos- 
toleanu and Viadutiu (1936) and many 
other physicians who have studied wound 
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healing. Their findings show that acid- 
producing diets and local acidifications 
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give markedly favorable results in the 
healing of various wounds.—4-11-38. 
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A Chemical Study of Mixtures of Lime Sulfur 
and Lead Arsenate! 


W.S. Hopextss,? D. E. H. Frear and H. N. Wortuiey® 
Pennsylvania Agricultural Experiment Station, State College 


Early studies of the lead arsenate and 
lime sulfur combination, which has be- 
come the most common arsenical-fungi- 
cidal mixture, indicated that the twocom- 
ponents exhibited tendencies to reduce 
the effectiveness of each other and pro- 
mote injury to the plant surfaces. 

Investigations of the mixture of lead 
arsenate and lime sulfur both with and 
without modifying materials have been 
reported. These investigations have been 
for the most part attempts to produce 
spray mixtures without undesirable prop- 
erties, while maintaining the maximum 
insecticidal and fungicidal values. Such 
studies have been based in most cases on 
practical field experiments, and compara- 
tively little is known of the chemical 
changes involved in the mixture. Such 
chemical studies as have been reported 
have been made with the idea of reducing 
the soluble arsenic present in the mixture, 
since the consensus is that this is the prin- 
cipal causative agent in spray injury to 
plants. 

This investigation, dealing as it does 
only with the chemical changes which oc- 
cur in the spray solution before applica- 
tion to the host plant, can not answer all 
the questions concerning the suitability of 
the spray mixtures studied for practical 
use. The changes that take place in the 
film of spray after it has been applied to 
the plant surface are of major importance, 
hut their study lies outside the field of the 
present paper. The usefulness of this in- 
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vestigation then lies in the contribution 
which it may make to the knowledge of 
the chemistry of the reaction between 
lead arsenate and lime sulfur under cer- 
tain specific conditions. It is, however, 
possible to point out certain implications 
from the results of this work which may 
be of considerable practical value. 

Previous Stupies.—The problem of 
spray injury by lead arsenate and lime 
sulfur mixtures has been recognized for 
many years and has been investigated by 
many workers, including Fernald & 
Bourne (1922), Swingle, Morris & Burke 
(1923), Mogendorff (1925), Ginsburg 
(1929), Young (1930) and others. The 
consensus appears to be that the injury 
is caused by soluble arsenic, and that the 
amount of soluble arsenic is increased by 
the addition of lime sulfur. Certain cor- 
rectives have been suggested to reduce the 
amount of the injury, and include a va- 
riety of substances. Of those suggested, 
slaked lime and dried skim milk powder 
alone and in combination have been stud- 
ied in this work. 

The active fungicidal agent present in 
lime sulfur solutions has been established 
by Abbott e¢ al. (1926), Holland et al. 
(1921) and Tartar (1914) as that form of 
sulfur present as the calcium polysulfides. 
Whether the actual mechanism of the 
toxie action is through its solvent action 
as suggested by Tartar (1914), through 
the action of hydrogen sulfide formed or 
by some other means need not be dis- 
cussed here. 

Tue Present Prostem.—It appears 
then that, aside from those compounds 
such as the thiosulfates, sulfates and 
others the determination of which under 
various conditions gives information as to 
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the mechanism of the chemical reactions 
between the components of the mixture, 
the two most important constituents of 
any spray mixture having as its basis lime 
sulfur and lead arsenate are the soluble 
arsenic and the polysulfide sulfur. The 
ideal condition would be to keep the 
former as low and the latter at as high a 
level as possible in the mixture. 

The following experiments have been 
planned to indicate the chemical changes 
which take place in lime sulfur solutions 
when used in combination with lead arse- 
nate alone and with recognized adjuncts: 
lime and dried skim milk powder. These 
studies included not only the determina- 
tion of soluble arsenic and soluble calcium 
but also a quantitative investigation of 
the soluble sulfur compounds present in 
the mixtures, of which the polysulfide 
sulfur has been considered to be the active 
fungicidal agent. Studies were also made 
on the effect of various physical factors 
such as temperature, time of agitation, 
etc., on the decomposition of lime sulfur 
alone and in mixtures. 

In preparing the experimental mixtures, 
conditions used in commercial orchard 


practice were followed as far as possible. 


The period of agitation of the mixtures 
was limited to one hour as the maximum 
time that a spray solution remains in the 
spray tank under constant stirring. 

Materiats Usep.—The following ma- 
terials were used in the experiment. 

Liquid Lime Sulfur—A commercial 
grade, concentrated lime sulfur solution 
was used having a specific gravity of 
1.2762 and a Baumé reading of 31.62 de- 
grees. Its total sulfur content was 24.05 
per cent. 

Acid Lead Arsenate.—A_ chemically 
pure powder purchased from the Baker 
Chemical Company. On analysis it was 
found to contain: 

Per Cent 
Total PbO... 65.70 
Total Arsenic Oxide. ....... 31.98 
Water Soluble Arsenic as As.Qs. . 0.53 
Moisture 0.50 

Calcium Hydroxide.—A chemically pure 
grade, heated before use to insure removal 
of carbonates. 

Skim Milk Powder—A commercial 
product prepared for spray purposes, 
yellow in color and containing by analysis 
69.23 per cent protein. It was separated 
by screening before use and a single size 
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used for all of the experiments. This 
passed through a 60- but not 80-mesh 
screen. 

PREPARATION OF EXPERIMENTAL MIx- 
TUREsS.—After mixing the several ingredi- 
ents, whatever the number chosen, the 
final volume was brought to one liter. The 
manipulation was as follows in all cases: 
Approximately 900 ml. of water were 
placed in a 2-liter beaker fitted with a 
ground glass top and an electric stirrer. 
Unless otherwise noted, distilled water 
was used. The solid ingredients were 
added to the water and, while the mix- 
ture was stirred, lime sulfur concentrate 
was added in quantity sufficient for the 
dilution desired. Water was then added to 
make the final volume of one liter. The 
mixture was stirred for the period desired 
at a constant rate of 200 revolutions per 
minute. The mixture was filtered immedi- 
ately through a Gooch crucible fitted with 
a hard filter paper base. 

The filtrate was sampled (without wash- 
ing the residue) for total sulfur, sulfide 
sulfur, thiosulfate sulfur, calcium and sol- 
uble arsenic by the methods indicated be- 
low. 

The residue was washed with a very 
small quantity of cold distilled water un- 
til the washings were free from the yellow 
color of lime sulfur solution. The residues 
were dried for two hours at 60 degrees and 
retained in vacuo over sulfuric acid until 
constant weight was reached. 

If the filtrate was to be stored for later 
analysis, the container was filled to ex- 
clude air, capped and waxed, and stored 
in a dark place. 

Metnops or ANaAtysis.—The methods 
used for determining total sulfur, sulfide 
sulfur, thiosulfate sulfur and water solu- 
ble arsenic (hydrazine sulphate and so- 
dium bromide distillation) were those 
given in the Official Methods of the Asso- 
ciation of Official Agricultural Chemists 
(1935). Calcium was determined by the 
McCrudden (1911) method as modified 
by Halverson & Shulz (1920). Hydrogen 
sulfide was estimated by placing the 
closed system under a slight vacuum 
and drawing the evolved gas through a 
solution of cadmium chloride as suggested 
by Scott (1925). 

Errect oF DiILuTION ON THE CON- 
STITUENTS OF LIME SULFUR CONCEN- 
TRATE.—The concentrated lime sulfur 
solution, specific gravity 1.2762 and 
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Table 1.—Effect of temperature on the constituents of diluted lime sulfur. 





Quarts Concentrate Per 100 Gallons 


Dilution Radio of Lime Sulfur 
Temperature in Degrees C. 
. 600 
5.700 
100 
.000 
. 400 
. 200 
.734 


. 500 
. 900 
. 200 
. 400 
. 500 
. 500 


o 
fo 


Total Sulfur (g. per 100 gal.) 
Sulfide Sulfur (g. per 100 gal.) 
Thiosulfate Sulfur (g. per 100 gal.) 
Sulfate Sulfur (g. per 100 gal.) 
Calcium (g. per 100 gal.) 

Sulfide Sulfur (per cent) 

Mol Ratio S/Ca (as sulfide) 


50. 800 





12 





1-33 .3 





3.200 3370.800 3321. 
600 3161.400 3075. 
. 800 186.900 215. 
. 800 22.500 30. 
. 600 975.900 973.900 
. 280 93.780 92.600 
.779 4.755 4.798 


. 600 
. 200 
. 800 
. 600 
9.600 
.790 
. 752 


500 
700 
000 
800 


. 200 
. 800 
. 800 
. 200 


. 600 
. 800 
. 500 
. 600 
- 280 
. 767 


. 870 
. 755 





Baumé 31.62 degrees, was diluted to 
various degrees between 1-10 and 1-200 
and analyzed as a preliminary experi- 
ment. The analyses indicated that within 
the dilution range studied and under com- 
parable conditions there was no apprecia- 
ble change in the percentage of the con- 
stituents of the solutions. The oxidation 
change appeared to proceed slowly during 
the first hour under these conditions and 
the differences in the percentage of the ac- 
tive sulfide in the diluted solutions were 
considered negligible from a_ practical 
standpoint. 

Errect OF TEMPERATURE VARIATION. 

The concentrated lime sulfur was di- 
luted in proportions of 1-25, 1-33.3, 1-50 
and 1-100. These mixtures were prepared 
according to the standard procedure and 
were stirred at a constant temperature of 
32 degrees C. Table 1 is a comparison of 
the analyses of these solutions with similar 
mixtures prepared at 23 degrees C. 

A rise in temperature increased the rate 
of decomposition of the mixtures, result- 
ing in a decreased percentage of sulfide 
sulfur in the solution. There was also an 
increase in thiosulfate sulfur in compensa- 
tion to the loss of sulfur as the sulfide. 
Little change appeared in secondary prod- 
ucts resulting from the decomposition. 
The actual percentage of the sulfide sulfur 
in the solution decreased approximately 
1} per cent. 

The increase in the ratio of sulfur to cal- 
cium in the sulfide form in the solutions, 
as the temperature was increased, indi- 


cated a rise in the concentration of the 
polysulfide in solution as compared to the 
total sulfur in solution. Since the total 
calcium in the solution remained at the 
same level within limits of experimental 
error, and the sulfur as the sulfate in- 
creased only to a slight degree, it ap- 
peared that the change due to increased 
temperature resulted from an increased 
hydrolysis of the mixture. Sulfur was lost 
from the solution, apparently as hydrogen 
sulfide, since no free sulfur was precipi- 
tated from the solution. The free sulfur, 
which is normally precipitated from lime 
sulfur solution on oxidation and formaticn 
of the thiosulfate and sulfate sulfur, was 
then redissolved in the solution, where it 
retained the sulfide concentration at its 
high level. 

Errect or Time.—Concentrated lime 
sulfur diluted 1-50 was prepared and 
stirred according to the standard pro- 
cedure at a constant temperature of 23 de- 
grees C. for periods ranging between 1 and 
45 hours. Analyses were made of each of 
the solutions in order to determine the ex- 
tent of the decomposition process. 

Under the conditions of the experi- 
ment, the sulfide sulfur of the solution was 
almost entirely removed in 45 hours, 
table 2. The loss of sulfur as the sulfide 
was proportional to the increase in the 
concentration of the thiosulfate sulfur and 
sulfate sulfur in solution. The decomposi- 
tion progressed slowly in the initial stages 
but appeared to increase rapidly in the 
later stages of agitation. 





Table 2.—Effect of time of stirring on the constituents of lime sulfur diluted 1-50 (23 degrees C.). 


Hours StTrrReED 1 5 


000 
600 


2244. 200 
2106. 800 1702 
124.800 154.300 

15.200 55.100 
650.800 652. 600 


lotal Sulfur (g. per 100 gal.) 1912 
Sulfide Sulfur (g. per 100 gal.) 
rhiosulfate Sulfur (g. per 100 gal.) 
Sulfate Sulfur (g. per 100 gal.) 
Calcium (g. per 100 gal.) 

Hos Evolved (g. per 100 gal.) 2.000 10.200 
Sulfide Sulfur (per cent) 93.870 98.040 
Mol Ratio S/Ca (as sulfide) 4.755 4.437 


1630. 400 
1347. 


10 20 30 


300 
.100 
. 600 
600 
. 300 
.100 
. 460 
0.141 


789. 600 
9.900 
.000 

56. 700 
7.700 

. 900 
.050 

. 939 


1067 . 600 
523.600 
377. 200 
400 166. 800 
800 645.800 
12.400 12.600 11.200 
82.630 69.540 49.040 
3.695 3.411 2.945 


100 
600 
100 


1318. 
916. 
SOL. 


100 
201.500 
81.800 100. 
635.400 623. 
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Free sulfur was precipitated from the 
solution during the first five hours and 
continued to be precipitated throughout 
the 45 hour period. From the analyses it 
appears that during the period approxi- 
mately one-third of the total sulfur pres- 
ent in the solution was precipitated as the 
free sulfur. Hydrogen sulfide evolved 
from the mixture was small, indicating 
that the decomposition was primarily due 
to oxidation. As the solution became more 
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Dilutions of the concentrated lime sul- 
fur solution were prepared which ranged 
between 1-10 and 1-200. Lead arsenate 
was added to the dilute lime sulfur in 
amounts equivalent to 3 pounds in 100 
gallons of solution. Each member of the 
series was treated according to the stand- 
ard procedure at a constant temperature 
of 23 degrees C. The results of the 
analyses, table 3, were calculated on the 
basis of grams in 100 gallons of mixture. 


dilute with respect to the concentration of The relative proportions of the con- 


Table 3.—Effect, on the constituents of the solutions, of the addition of three pounds of lead arse- 
nate to diluted lime sulfur solutions. 








20 40 


Quarts Concentaate Per 100 GaLions 


1-20 1-10 


Dicotion Ratio or Lime Sutrur 1-200 1-100 


Total Sulfur (g. per 100 gal.) 87.300 605.400 4016.700 5145.600 10577.500 
Sulfide Sulfur (g. per 100 gal.) 13.100 470.200 : 3706.600 4773.600 9806.200 
Thiosulfate Sulfur (g. per 100 gal.) 67.800 108. 200 , 7. 250. 400 298 . 900 615.700 
Sulfate Sulfur (g. per 100 gal.) 6.400 7.000 Ss. 59.700 73.100 156. 600 
Calcium (g. per 100 gal.) 66.700 223.700 ‘ 51. 1163. 600 1483.900 3064.400 
Soluble AsO. (g. per 100 gal.) 19.900 7.100 ‘ : 7.800 6.600 6.200 
Residue (g. per 100 gal.) 1701.700 1964.400 1998.800 1819.900 1662.900 
Sulfide Sulfur (per cent) 14.890 77. 660 : 92. 280 92.770 92.780 


Mol Ratio S/Ca (as sulfide) 1.010 4.967 4.947 4.935 


4.855 





the polysulfides, the oxidative process was 
increased. 

The ratio of sulfur to calcium in the 
sulfide form in the solution decreased at a 
regular rate, indicating that sulfur as free 
sulfur was the only oxidative product lost 
from solution. The loss of caleium during 
the middle stages of the decomposition 
and its recovery towards the end of the 
stirring period may be due to a precipita- 
tion of oxidation products later redis- 
solved in solution as the thiosulfate and 
other oxidation products increase. These 
results agree with the analyses reported 
by Fernald (1907). 

Errect or AppiTion or Acip Leap 
ARSENATE.—Workers agree that the ad- 
dition of acid lead arsenate to lime sulfur 
solutions results in a loss of sulfide sulfur 
from the solution and an increase in 
thiosulfate and sulfate sulfur. In addi- 
tion a residue is formed and precipitated. 
There is further, reduction in soluble sul- 
fur due to the precipitation of lead sulfide 
and the formation of an arsenate of cal- 
cium. The loss of sulfur due to the forma- 
tion of lead sulfide has been regarded as 
the cause of the removal of calcium from 
the solution. It has been claimed by 
Goodwin & Martin (1925) and by Ruth 
(1913) that thioarsenates are formed in 
the process. 


stituents in the diluted mixtures did not 
vary directly with dilution as in the case 
of lime sulfur solutions prepared in a simi- 
lar manner. The actual percentage of 
sulfide sulfur present in the solution was 
practically constant in dilutions more con- 
centrated than 1-50. In the very dilute 
solutions there was an increase in the 
amount of thiosulfate and other soluble 
oxidation products which suggests that 
the loss of sulfur as the sulfide was not due 
in these cases to the direct addition of lead 
arsenate but rather to an increased oxida- 
tion of the mixture in the presence of lead 
arsenate. 

The addition of lead arsenate measur- 
ably reduced the sulfide content of the 
more dilute mixtures. However, in solu- 
tions of higher concentration, the per- 
centage change of the sulfide sulfur was 
small. For example, in the 1-200 dilution, 
the percentage of sulfide sulfur was re- 
duced from 92.25 to 14.89 per cent. For 
the 1-10 mixture, however, the loss was 
only from 93.82 per cent to 92.78 per cent. 

The sulfide concentration in the 1-10 
dilution of the mixture, calculated upon 
the basis of the total sulfur added to the 
solution, shows a greater reduction of 
sulfide from the solution. These values 
show a reduction of from 93.82 per cent to 
88.84 per cent. 
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The relative increase in the calcium 
polysulfide concentration is illustrated in 
the sulfur to calcium ratio in the sulfide 
form. The increase of the ratio from an 
average value of 4.755 in the case of lime 
sulfur alone to a value of 4.954 indicates 
that the proportion of the pentasulfide in 
the mixture has increased due to the addi- 
tion of the lead arsenate to solutions more 
concentrated than 1-50. 

The increase in the ratio may be traced 
to the decomposition of lead arsenate by 
hydrogen sulfide in the solution. As the 
lead is precipitated from the lead arse- 
nate, calcium is removed from the calcium 
polysulfide by arsenic acid produced and 
precipitated from the solution as an arse- 
nate of calcium. Removal of calcium from 
the solution in a constant quantity and in 
a greater proportion than the loss of sulfur 
either as the sulfide of lead or as free sul- 
fur should increase the molecular ratio be- 
tween them. 

According to Thatcher & Streeter 
(1924) and Young (1930), the extent of 
hydrolysis of the polysulfides resulting in 
the formation of hydrogen sulfide in lime 
sulfur solution appears to be dependent 
upon the dilution of the solution. The in- 
creased formation of soluble arsenic in the 
solutions from lime sulfur and lead arse- 
nate mixtures as the dilution was increased 
would appear as a result of an increased 
formation of hydrogen sulfide and also as 
an aid to the further decomposition of the 
polysulfide in the solution. 

Errect or Type or Water.—An ex- 
periment was performed using distilled 
water, tap water and water freed from 
carbon dioxide as the diluting agents. The 
lime sulfur solutions were prepared ac- 
cording to the standard procedure in 
which a dilution of 1-50 of the lime sulfur 
was used. Lead arsenate was added in the 
proportion of three pounds in 100 gallons. 
The results indicated that there was little 
difference in the primary sulfur containing 
compounds in the mixture when the differ- 
ent waters were used. Comparative results 
may be obtained using any of these 
waters, although the results could be more 
readily duplicated if distilled water were 
used. 

Errect oF TIME AND TEMPERATURE— 
In a series mixtures of lime sulfur and 
lead arsenate the lime sulfur was diluted 
at the rate of 1-50 and lead arsenate 
added in the proportion of 3 pounds in 100 
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gallons. The mixtures were prepared ac- 
cording to the general procedure. Each 
mixture was stirred for a period and the 
solution analyzed. Successive mixtures 
were prepared and sampled after longer 
periods until an analysis of the solutions 
indicated a disappearance of the sulfide 
sulfur in the solution. Constant tempera- 
tures in the two series of experiments 
were maintained at 23 degrees C. and 
32 degrees C. The results are shown in 
figs. 1 and 2. . gE 
T T 

ast-—- - 4 


H,S at 32°C 
As,0, at 32°C 
As,0, at 23°C 
H,S at 23°C 

















10 is 20 25 30 
HOURS STIRRED 


Fic. 1.—Hydrogen sulfide and soluble As,O; in 
relation to time of stirring and temperature. 


The decomposition of the polysulfides 
in the solution when in contact with lead 
arsenate proceeded rapidly during the 
first hour of contact and between the 
fourth and tenth hours, after which the 
decomposition appeared to be constant. 

A decrease in the sulfide sulfur content 
was reflected to some extent by an in- 
crease in the thiosulfate sulfur soluble in 
the solution. However, the greatest loss 
to the solution was the free or precipi- 
tated sulfur passing into the residue. 
Partial analyses of the residues showed 
that the proportion of free sulfur precipi- 
tated increased to approximately the 
twenty-second hour, beyond which there 
was no appreciable increase. Thereafter 
the loss of sulfur from the sulfide may be 
accounted for by an increase in the thio- 
sulfate sulfur in solution. 
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The proportion of sulfur remaining, 
calculated as the sulfate, showed a marked 
increase between the sixteenth and 
twenty-fourth hours, where the precipi- 
tation of sulfur as free sulfur ceased and 
the increase in thiosulfate sulfur in the 
solution was at its greatest rate. 

Complete decomposition of the sulfide 





















OS iti sells HE Ieee. a ee ee 
| A TOTAL SULFUR 23°C 
B TOTAL SULFUR 32°C 
| € THIO. SULFUR 32°C 
1600 TO THIO. SULFUR 23°C 
E SULFIDE SULFUR 23°C 
F SULFIDE SULFUR 32°C 
” 
> 1400 t 
°o | 
= 
a . 
< 1200 | 
Oo | | 
© 1000 f 
° 
z 800 } ain 
” 
= 600 ees 
< 
« 
° 4oo} — 
20 OF- + on 
| | 
5 10 15 20 25 30 
HOURS STIRRED 
Fic. 2.—Total sulfur, thiosulfate sulfur and sulfide 


sulfur in relation to time of stirring and temperature, 


was reached in 30 hours in the mixture 
stirred at 23 degrees C. The sulfide sulfur 
in the mixtures stirred at a temperature 
of 32 degrees C. was completely removed 
in 23 hours. 

The principal effect of a change in tem- 
perature was an alteration of the rate of 
decomposition process as shown in fig. 1. 
The curves are comparative over the en- 
tire range of the stirring period and pro- 
gress in a similar manner independent of 
the temperature. 

The water soluble arsenic in the mix- 
tures stirred at 32 degrees C. was less 
than the amount found in the solutions 
stirred at 23 degrees C. Fig. 2 shows the 
relation between the temperatures and 
the presence of soluble arsenic and hydro- 
gen sulfide in the solutions. At the higher 
temperature the hydrogen sulfide was 
more quickly removed from the solution. 
It thus prevented the reaction between it 
and lead arsenate from forming arsenic 
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acid as the end product of the reaction. 

The soluble arsenic in the mixture of 
lime sulfur and lead arsenate stirred at 23 
degrees C. increased at a constant rate to 
the sixteenth hour, when there was an 
abrupt rise in the proportion soluble in 
solution. This increase corresponded to 
the analyses for hydrogen sulfide evolved 
from the solution, which increased to ap- 
proximately the sixteenth hour and there- 
after was nearly constant. Similar curves 
are shown for analyses of the soluble 
arsenic and hydrogen sulfide on the mix- 
ture stirred at 32 degrees C. In this case, 
however, the change occurred at approxi- 
mately the twenty-second hour of agita- 
tion. 

Errect or Appep Lime.—The changes 
that occur in the composition of a spray 
of mixed lime sulfur and lead arsenate as 
shown by the analyses of solution in the 
previous experiments, particularly the 
marked reduction in the amount of poly- 
sulfide sulfur present in solution, empha- 
size the need for the addition of some ma- 
terial which will retard or completely 
overcome the tendency for chemical re- 
action between the members of the mix- 
ture. 

The use of slaked lime to prevent the 
formation of soluble arsenic was proposed 
by Robinson (1919), who had previously 
shown that its use with acid calcium 
arsenate lowered the amount of soluble 
arsenic in the solution. He advised the 
addition of 10 pounds of lime to 100 gal- 
lons of lime sulfur solution previous to the 
addition of lead arsenate and indicated 
that the polysulfide content under these 
conditions decreased very little. 

In order to determine the effect of lime 
on the combination of lead arsenate and 
lime sulfur, five dilutions were prepared 
which ranged between 1-20 and 1-100. 
These were treated according to the 
standard procedure with lime added in 
the proportion of 1 pound in 100 gallons 
of mixture. The analyses of these mix- 
tures are shown in table 4 and are caleu- 
lated in terms of grams in 100 gallons of 
the mixture. 

From table 4 it appears that through 
the addition of 1 pound of slaked lime per 
100 gallons of spray mixture the quantity 
of sulfur (both total and as the sulfide) in 
solution was greater than when no lime 
was present in a similar mixture of lead 
arsenate and lime sulfur. The difference in 
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Table 4.—Variation in the constituents of the solution when lime was added to diluted mixtures 


of lime sulfur and lead arsenate. 








PROPORTION 4-3-1-0* 
Ditution Ratio or Lime SuLrur 1-100 

Total Sulfur (g. per 100 gal.) 1115.500 
Sulfide Sulfur (g. per 100 gal.) 778.100 
Thiosulfate Sulfur (g. per 100 gal.) 202.000 
Sulfate Sulfur (g. per 100 gal.) 135.400 
Calcium (g. per 100 gal.) 492.500 
Soluble AsO; (g. per 100 gal.) 8.400 
Residue (g. per 100 gal.) 1452 .300 
Sulfide Sulfur (per cent) 69.750 
Mol Ratio S/Ca (as sulfide) 4.936 











8-3-1-0 12-3-1-0 16-3-1-0 20-3-1-0 
1-50 1-33 .3 1-25 1-20 
2245 .800 3370 .000 4491. 100 5606 . 200 


1795. 700 2802 . 800 3817 .000 4819 .300 
305 .400 419.200 506.700 606 . 500 


144.700 148.000 167.400 , 180 . 400 
827.100 1159. 500 1493 .000 1821 .100 
6.100 5.500 4.800 4.100 
1467 .200 1458. 700 1463 .600 1461 .700 
79.950 84.060 84.900 85.780 
4.927 4.951 4.933 4.951 





* The first figure represents quarts of lime sulfur concentrate; the second, pounds of lead arsenate; the third, pounds of slaked lime; 
the fourth, pounds of dried skim milk; all figures are on the basis of 100 gallons of spray mixture. 


the per cent sulfide sulfur appeared as an 
increase in the total quantity of thiosulfate 
and sulfate sulfur in solution. These in- 
creased in the proportion of twofold and 
tenfold, respectively. 

Excess calcium reduced the soluble ar- 
senic in the mixtures to a minimum of 4.1 
grams per 100 gallons as compared to a 
minimum of 6.2 grams in mixtures of lime 
sulfur and lead arsenate. In water solu- 
tion, pure lead arsenate was soluble to the 
extent of 6.8 grams per 100 gallons. 

The major effect of the addition of one 
pound of lime to diluted mixtures of lime 
sulfur and lead arsenate was a retention of 
sulfur in solution. Soluble arsenic was re- 
duced to a minimum, and the ratio of 
sulfide sulfur to sulfide calcium retained at 
its high level. The difference between the 
weights of these precipitates and those of 
a similar series where lime sulfur and lead 
arsenate were combined (table 3) was 
506.8 grams per 100 gallons. This value 
closely approximated the quantity of lead 
sulfide (507.3 grams) which was found on 
partial analysis of the residues from simi- 
lar mixtures of lime sulfur and lead arse- 
nate. 

In order to determine the effect of the 


addition of larger quantities of lime to the 
lime sulfur and lead arsenate mixtures, 
lime sulfur was diluted to 1-50 and lead 
arsenate added at the rate of 3 pounds to 
100 gallons. Lime was added to these in 
proportion varying between 8 ounces and 
9 pounds per 100 gallons of solution. The 
values for the components of the solution, 
as shown in table 5, are calculated in 
terms of grams in 100 gallons of mixture. 

The precipitation of sulfur resulting 
from the addition of lead arsenate was re- 
tarded when lime was added in any quan- 
tity between 8 ounces and 9 pounds. 

The principal effect of the addition of 
lime was to increase the proportion of sol- 
uble oxidation products in the solution. 
In the mixtures analyzed which contained 
between 8 ounces and 3 pounds of lime, 
the state of the polysulfides in the solution 
appeared to be constant as indicated by 
the sulfur to calcium ratio. When 6 or 9 
pounds of lime were added, the ratio indi- 
‘ated that the polysulfides in the solution 
were made up primarily of the tetrasulfide 
rather than the pentasulfide. 

As the proportion of lime added to the 
solution was increased between the limits 
of 8 ounces and 9 pounds, an increased 


Table 5.—Effect on the constituents of the solution when lime was added to mixtures of lime sulfur 


and lead arsenate diluted 1-50. 











PROPORTION 


8 0-0-0° 8-3-)-0 8-3-}-0 8-3-1-0 


8-3-2-) 83-30 8-3-6 8-3-9-0 


otal Sulfur (g. per 100 gal.) 2244.200 1765.300 2241.400 2245.800 2248.400 2252.000 2247.200 2244.500 
Sulfide Sulfur (g. per 100 gal.) 2106.800 1576.400 1978.900 1795.700 1740.600 1706.500 1791.000 2038.400 
hiosulfate Sulfur (g. per 100 gal.) 124.800 145.400 181.700 305.400 310.200 373.400 344.600 150.400 
Sulfate Sulfur (g. per 100 gal.) 15.200 43.500 80.800 144.700 197.600 172.100 111.600 55.700 
Calcium (g. per 100 gal.) 650.800 543.200 714.800 827.100 891.600 904.600 919.400 946.400 
Soluble As,O, (g. per 100 gal.) 12.100 6.400 6.100 5.400 3.900 3.300 3.200 
Residue (g. per 100 gal.) 1978.800 1417.100 1467.200 1802.500 2130.100 3325.200 4584.100 
Sulfide Sulfur (per cent) 93.870 89.290 88.280 79.950 77.430 75.770 79.630 91.260 
Mol Ratio S/Ca (as sulfide) 4.755 4.952 4.942 4.927 4.826 4.676 3.965 3.253 





* The first figure represents quarts of lime sulfur concentrate; the second, pounds of lead arsenate; the third, pounds of slaked lime; 
the fourth, pounds of dried skim milk; all figures are on the basis of 100 gallons of spray mixture, 
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PROPORTION 4-3-0-1* 


Ditution Ratio or ay SULFUR 1-100 


Total Sulfur (z. per 100 gal.) ) 712.600 
Sulfide Sulfur (g. per 100 gal.) 639 . 500 
Thiosulfate Sulfur (g. per 100 gal.) 69.300 
Sulfate Sulfur (g. per 100 gal.) 22.700 
Calcium (g. per 100 gal.) 245.400 
Soluble As:O; (g. per 100 gal.) 16.500 
Residue (g. per 100 gal.) 1822. 500 
Sulfide Sulfur (per cent) 89.740 
Mol Ratio S/Ca (as sulfide) 4.883 





12-3-0-1 20-3-0-1 


8-3-0-1 16-3—-0-1 


1- 50 1 33. 3 1-20 





5196. 


1828 . 200 2938 . 600 4063 . 700 400 
1654. 400 2680 . 600 3732 .900 4772 .800 
143.600 232 .600 308 . 800 403 . 500 
30.200 25.400 22.000 20.100 
552.600 868 . 400 1186 .300 1502.700 
15.300 14.800 15.000 14.700 
1864. 100 1842 .700 1872. 700 1831 .600 
90 .490 91.220 91.860 92.040 
4.864 4.848 4.831 4.867 

















residue resulted. Hydrogen sulfide was 
not evolved in detectable quantities from 
any of the mixtures to which lime had 
been added. Arsenic rendered soluble in 
the solution was reduced as the quantity 
of lime was increased. 

From the standpoint of the chemical 
stability of the solution under the condi- 
tions of the experiments, the addition of 
8 ounces of lime was sufficient to prevent 
a reaction resulting in the formation of 
lead sulfide in the residue. The addition of 
lime did not prevent the decomposition of 
the sulfides in the solution in a manner 
proportional to the amount added. The 
use of lime in quantities of 8 ounces, 1, 2 
and 3 pounds aided in the decomposition 
of the sulfides as the quantity was in- 
creased. However, the addition of lime in 
larger quantities of 6 and 9 pounds re- 
versed the reaction and returned the sul- 
fide content of the solution to a level ap- 
proximating that of lime sulfur solution 
at a similar concentration. 

Triple mixtures containing lime in 
quantities of 8 ounces, 1, 2 and 3 pounds 
contained quantities of polysulfide sulfur 


5 * The first figure represents quarts of lime sulfur concentrate; the second, pounds of lead arsenate; the 
ime; 


the fourth, pounds of dried skim milk; all figures are on the basis of 100 gallons of spray mixture. 





Table 7.—Variation of the constituents of solution upon the addition of dried skim milk to mix- 
tures of lime sulfur and lead arsenate diluted 1-50. 





» third, pounds of slaked 








nearly as great as lime sulfur solution 
alone. No apparent loss was found in the 
total sulfur which was added to the mix- 
ture in the form of lime sulfur solution. 
The addition of lime in all cases prevented 
a decomposition similar to that shown in 
the analysis of the solution from lime sul- 
fur and lead arsenate mixtures. 

Errect or Appep Dry Skim MILK 
Powver.—The use of casein in spray mix- 
tures has been advocated by many work- 
ers. Various preparations have been used, 
including liquid whole, condensed or 
skimmed milk, dried milk powders, and 
combinations of milk preparations with 
lime, loosely termed “‘casein-lime”’ or cal- 
cium caseinate. It apparently has been 
the general opinion that these materials 
act in two ways: through their colloidal 
properties as we tting, spreading and stick- 
ing agents, or through means not so 
clearly understood as preventives of the 
formation of undesirable decomposition 
products. 

While it is beyond the scope of this 
paper to investigate the possible action of 
vasein on the physical properties of spray 








8-0-0-0* 





Pre )PORTION 


8-3-)-0 


$3-0-1 8302 8303 


83-04 


1854 .300 


Total Sulfur (g. per 100 gal.) 2244.200 1765.300 1795.200 1828.200 1835.100 
Sulfide Sulfur (g. per 100 gal.) 2106.800 1576.400 1627.800 1654.400 1658.500 1671.100 
Thiosulfate Sulfur (g. per 100 gal.) 124.800 145.400 135.300 143.600 151.300 = 166.000 
Sulfate Sulfur (g. per 100 gal.) 15.200 43.500 32.100 30.200 25.300 17. 200 
Calcium (g. per 100 gal.) 650.800 543.200 545.400 552.600 548.600 549.900 
Soluble As2O; (g. per 100 gal.) 12.100 14.500 15.300 16.200 16.400 
Residue (g. per 100 gal.) 1978.800 1764.600 1864.100 1963.600 2120.300 
Sulfide Sulfur (per cent) 93.870 89.290 90 . 660 90.490 90 .380 90.120 
Mol Ratio S/Ca (as sulfide) 4.755 4.952 4.835 4.864 4.906 4.918 








ime; the fourth, 





* The first figure represents quarts of lime sulfur concentrate; the second, pounds of lead arsenate; 
pounds of dried skim milk; all figures are on the basis of 100 gallons of spray mixture. 












the third, pounds of slaked 
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mixtures, the effect of dried skim milk 
powder on the chemical composition of 
mixtures containing lime sulfur and lead 
arsenate was studied. Mixtures of lime 
sulfur, diluted within the range of 1-10 
and 1-100, were prepared according to 
the standard procedure. Lead arsenate 
was added at the rate of 3 pounds and 
dried skim milk at the rate of 1 pound in 
100 gallons of solution. The results are 
shown in table 6. 
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1 





nate. The addition of dried skim milk 
slightly increased the quantity of total 
sulfur retained in the solution while the 
sulfide concentration appeared to vary 
only slightly over the entire range of ad- 
dition of the dried skim milk. 
Comparisons between the analyses of 
solutions from mixtures of lead arsenate 
and lime sulfur containing lime and those 
containing dried skim milk in similar 
quantities indicate that lime was of 


Table 8.—Effects of the addition of lime and dried skim milk upon the constituents of mixtures of 


lime sulfur and lead arsenate diluted 1-50. 














PROPORTION 8 0-0-0" 8 300 8-3 4-4 
Total Sulfur (g. per 100 gal. ) 2244. 200 1765.300 2243.600 
Sulfide Sulfur (g. per 100 gal.) 2106.800 1576.400 1958. 200 
rhiosulfate Sulfur (g. per 

100 gal.) 124.800 145.400 127.900 
Sulfate Sulfur (g. per 100 gal.) 15.200 43.500 155.500 
Calcium (g. per 100 gal.) 650.800 543.200 804.800 
Soluble As:O; (g. per 100 gal.) 12.100 6.400 
Residue (g. per 100 gal.) 1978.800 1331.500 
Sulfide Sulfur (per cent) 93.870 89.290 87. 280 
Mol Ratio S/Ca (as sulfide) 4.755 4.952 4.612 
Proportion 8-3-1-3 8-3-2-} 8-3-2-1 
Total Sulfur (g. per 100 gal.) 2246. 200 2239.700 2241.800 
Sulfide Sulfur (g. per 100 gal.) 1834.900 1803.500 1842.100 
Thiosulfate Sulfur (g. per 

100 gal.) 276.000 212.800 235.100 
Sulfate Sulfur (g. per 100 gal.) 135.300 223.406 184.600 
Calcium (g. per 100 ge!.) 864.800 884.700 896.800 
Soluble AseOs (g. per 100 gal.) 7.800 5.700 7.400 
Residue (g. per 100 gal.) 1784.700 1998.600 2092.700 
Sulfide Sulfur (per cent) 81.760 80. 520 82.610 
Mol Ratio S/Ca (as sulfide) 4.384 4.672 4.453 





S31 SS-$2 S343 8S-1-4 8S-1-1 8-3-1-2 
2240.600 2243.700 2245.200 2247.600 2245.00 2245.400 
1847.600 1798.600 1710.600 1863.700 1950.200 1904.600 
255.300 315.400 409.400 231.600 130.500 200.400 
137.700 129.700 125.200 152.300 164.600 140.400 
812.700 833. 600 852.600 838.700 836. 600 852.700 
7.300 9.900 12.600 6.000 6.300 6.600 
1454.700 1468.600 1536.800 1512.800 1640.200 1682.900 
82.460 80.160 76.630 82.920 86.850 84.820 
4.700 4.744 4.857 4.625 4.421 4.312 
83-22 S323 BIS} SS31 8332 8-3-3-3 
2246.700 2240.600 2246.500 2247.600 2242.200 2245.900 
1946.300 1872.300 1765.600 1801.700 1920.400 1939.200 
136.600 242.700 260.200 197.200 164.600 142.600 
163.800 125.600 220.700 248.700 157.200 164.100 
902.500 917.600 918.600 923.300 925.700 928.700 
5.300 8.400 4.100 4.200 4.600 4.500 
2114.600 2146.800 2226.500 2312.100 2484.700 2541.700 
86.630 83.560 78.430 80.110 85.340 86.140 
3.972 3.842 4.598 4.604 3.832 3.790 





* The first figure re 


re quarts of lime sulfur concentrate; 
lime: the fourth, pounce 


s of dried skim milk; al! figures are on the 


The primary influence of the addition 
of dried skim milk was a diminution of the 
decomposition of the solution. The sulfide 
concentration was greater than that found 
in similar mixtures containing lime sulfur 
and lead arsenate. The protection from 
decomposition of the sulfide sulfur in the 
solution was not as great as that found 
when lime in the quantities used was 
added to like dilutions of the mixture. 

Oxidation of the lime sulfur solution 
was retarded, as shown by the reduced 
quantities of thiosulfate and sulfur as the 
sulfate in solution. 

A series of mixtures was prepared con- 
taining lime sulfur, diluted 1-50, lead 
arsenate at the rate of 3 pounds and dried 
skim milk in quantities varying between 
8 ounces and 3 pounds in 100 gallons of 
solution. The results are shown in table 7. 

The analyses of the solutions showed 
results similar to those of the previous ex- 
periment. Sulfide sulfur was retained 
above the value calculated to be present 


in mixtures of lime sulfur and lead arse- 





the second, pounds of lead arsenate; the third, pounds of slaked 


basis of 100 gallons of spray mixture. 


rreater benefit in the retention of total 
and of sulfide sulfur in the solution. 

Soluble arsenic in the solutions contain- 
ing dried skim milk was increased as the 
proportion of dried skim milk was in- 
creased. This has been explained by Good- 
win & Martin (1925) and by Thatcher & 
Streeter (1924) as due to the retention of 
hydrogen sulfide by the casein in solution. 
The continued increase of soluble arsenic 
in solution on addition of larger quanti- 
ties may be explained by assuming that 
the arsenic acid formed in the reaction 
will further react upon the lime sulfur 
solution, causing the release of more hy- 
drogen sulfide. 

‘QuapRUPLE MIxtuRES CONTAINING 
Lime Suutrur, Leap ARSENATE, LIME 
AND Driep Skim Miitx.—Table 8 shows 


the analyses of mixtures containing vari- 
ous quantities of lime and dried skim milk 
when added to a standard preparation of 
lime sulfur, diluted 1-50, and lead arse- 
nate in the proportion of 3 pounds in 100 
All of the mixtures 


gallons of solution. 





452 


were prepared according to the standard 
procedure and the solid materials added 
in the proportion of pounds in 100 gallons 
as indicated. 

The addition of dried skim milk to the 
mixture containing 8 ounces of lime re- 
duced the sulfide content of the solution. 
As the proportions were increased through 
1, 2 and 3 pounds, the sulfide sulfur in the 
mixture continued to decrease, with a 
total loss in percentage of approximately 
12 per cent. The mixtures containing 
equivalent quantities of lime and dried 
skim milk showed the best retentive 
power in respect to the sulfide sulfur in 
solution. The protective action of the lime 
in the prevention of the formation of solu- 
ble arsenic was retarded by the addition 
of dried skim milk, and the soluble ar- 
senic found in the 8-3—}-—3* mixture was 
similar to that found in the double mix- 
ture of lime sulfur and lead arsenate. The 
molecular ratio of sulfur to calcium, indi- 
-ating the condition of the polysulfides in 
the solution, was increased as the propor- 
tion of dried skim milk was increased in 
the mixture. 

Similar results were shown in analyses 
of mixtures containing various propor- 
tions of skim milk in the dry form to the 
mixture of lime sulfur, lead arsenate and 1 
pound of lime. However, the addition of 
8 ounces of skim milk powder was less 
effective in this mixture than 1 pound. 
Mixtures containing 2 and 3 pounds of 
dried skim milk to 1 pound of lime showed 
a decrease in the sulfide concentration be- 
low that found in solutions made from 
mixtures containing equal quantities of 
lime and dried skim milk. The protective 
influence of lime with respect to the solu- 
ble arsenic formed in the mixtures was 
only slightly interfered with by the addi- 
tion of dried skim milk in quantities of 
8 ounces, 1, 2 and 3 pounds. The ratio of 
sulfur to calcium in the sulfide form as 
ralculated on the solutions decreased as 
the quantities of dried skim milk was in- 
creased. 

Analyses of the mixtures containing 
lime sulfur, lead arsenate and 2 pounds of 
lime with varying proportions of dried 
skim milk are also shown in table 8. The 
results with this series of mixtures were 

‘In the proportions used here and subsequently throughout 
this paper, the first figure represents quarts of lime sulfur con- 
centrate; the second, pounds of lead arsenate; the third, pounds 


of slaked lime; and the fourth, pounds of dried skim milk; all 
figures are on the basis of 100 gallons of spray mixture 
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similar to those of the previous experi- 
ments, with the exception that the addi- 
tion of dried skim milk in proportions of 
8 ounces, 1 and 2 pounds increased the re- 
tention of the sulfide concentration of the 
mixtures with the 8—3—2-2 mixture, show- 
ing the maximum retention of the sulfide 
concentration. The mixtures containing 3 
pounds of dried skim milk showed a de- 
crease in the sulfide percentage when com- 
pared to 8-3-2-2 mixture. 

The mixtures prepared with 3 pounds 
of lime and varying quantities of dried 
skim milk (table 8) showed a continuous 
increase in the percentage of sulfide sulfur 
in solution as the amount of dried skim 
milk was increased in the proportion of 
8 ounces, 1, 2 and 3 pounds with the 
8-3-3-3 mixture showing the maximum 
retention of the sulfide concentration. 


Table 9.—Percentage sulfide concentration in 
triple and quadruple mixtures containing lime 
sulfur, diluted 1-50, three pounds of lead arse- 
nate and various proportions of lime and dried 
skim milk in 100 gallons of solution. Calculations 
are based on the total sulfur added to the solu- 
tion. Lime sulfur solution, diluted 1-50, showed a 
sulfide concentration of 93.87 per cent. 








Pounps Driep Skm MILK 


Pounpbs hee 
Live 0 } 1 Q 8 


70.25 72.09 73.73 73.90 74.46 
88.18 87.25 82.32 80.14 76.22 
80.01 83.04 86.89 84.86 75 
77.56 80.36 82.08 86.72 83.42 
76.04 78.67 80.28 85.57 40 





Table 9 indicates the sulfide concentra- 
tion found in the various quadruple mix- 
tures, calculated on the basis of the total 
sulfur added to the solution as lime sulfur 
solution at a dilution of 1—50. Since the 
total sulfur in the mixtures containing 
lime sulfur and lead arsenate and the 
triple mixtures containing lime sulfur, 
lead arsenate and dried skim milk was re- 
duced by precipitation of sulfur from the 
solution, the sulfide concentration as indi- 
cated in table 9 for these mixtures is less 
than those calculated in tables 3 and 7. 

On the basis of the sulfide concentration 
of the solution, a mixture of the propor- 
tion of 8-3—1-3 was just as effective as a 
mixture containing the components in 
proportion of 8-3-3-1. However, the 
former mixture indicated a greater ratio 
of sulfide to sulfide calcium in the solu- 
tion. If, for other considerations, it is 
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desirable to add dried skim milk powder, 
from the analyses it appeared that the 
proportion of 8-3-}—} was the best from 
the point of view of the retention of the 
sulfide concentration, the lowering of the 
amount of soluble arsenic in solution and 
prevention of formation of large quanti- 
ties of residue precipitated from the quad- 
ruple mixtures. However, the proportion 
8-3-3-3 produced a _ relatively small 
amount of soluble arsenic with a rela- 
tively large amount of sulfide sulfur. 

CoMPARISON OF Various COMBINA- 
Ttions.—To facilitate comparison, the va- 
rious combinations investigated in this 
study have been arranged in the form of 
two charts (figs. 3 and 4), in which the 
amounts of polysulfide sulfur (as per cent 
of the total sulfur present ) and the soluble 
arsenic (as grams per 100 gallons of spray 
mixture) are shown. 


PER CENT SULFIDE SULFUR 
1S 20 25 30 35 40 45 SO 55 60 65 70 75 80 85 90 95 
- —— - — a a 








r 3-0-1 

a _ = - 
0123485 6789 ON 23WS 6 1 8 
GRAMS SOLUBLE As,O, PER 100 GALLONS OF MIXTURE 


@™ SULFIDE SULFUR 2 SOLUBLE AS,0, 
Fic. 3.—Sulfide sulfur and soluble AsO; in various 
mixtures. The first digit in the left column repre- 
sents quarts of lime sulfur concentrate; the second, 
pounds of lead arsenate; the third, pounds of slaked 
line; and the fourth, pounds of dried skim milk; 
all figures are on the basis of 100 gallons of spray 
mixture. 


In considering the data presented in 
these figures, it is interesting to note that 
Swingle (1929) found that a concentration 
of As,O; in a spray mixture equivalent to 
approximately 4.5 grams (0.0012 per 
cent) per 100 gallons did not injure peach 
foliage, but that 5.7 grams (0.0015 per 
cent) of AssO; per 100 gallons caused 
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slight leaf burning on peach foliage. The 
apple is considered more resistant to ar- 
senical injury than the peach, so presuma- 
bly the limits would be higher for this 
fruit. 

It should be pointed out that in the 
quadruple mixtures, which are shown in 
the last four groups of fig. 4, the general 
effect on the percentage of polysulfide sul- 
fur of the various proportions seemed to 
be rather slight, with variations only from 


PER CENT SULFIDE SULFUR 
1S 20 25 30 35 40 45 SO 55 60 65 70 75 80 85 90 95 
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GRAMS SOLUBLE AS,0, PER 100 GALLONS 
GB SULFIDE SULFUR ZJ SOLUBLE As,O, 
Fic. 4.—Sulfide sulfur and soluble As.O; in various 
mixtures. The first digit in the left column repre- 
sents quarts of lime sulfur concentrate; the second, 
pounds of lead arsenate; the third, pounds of slaked 
lime; and the fourth, pounds of skim milk; all figures 
are on the basis of 100 gallons of spray mixture. 





87.5 to 77.0 per cent, although the con- 
sistent differences within each group are 
to be noted. The maximum amounts 
found are the same within the experi- 
mental error, and appeared in mixtures 
with the proportions 8-3-4}—}; 8-3-1-1; 
8-3-2-2 and 8-3-3-3. These are the mix- 
tures in which the lime and skim milk 
powder were in equivalent amounts. The 
soluble arsenic, on the other hand, showed 
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rather wide variations, the minimum 
amounts (within the limits of the ex- 
perimental error) being found in the mix- 
tures with the proportions 8—3—3-—4; 8-3 
3—1; 8-3-—3-2 and 8-3-—3-3. The difference 
between the amounts of soluble arsenic in 
these mixtures and that found in the 
8-3-4—4 combination is slight, and proba- 
bly not significant from a practical stand- 
point when such mixtures are used on 
apple trees. This is of considerable prac- 
tical importance when the cost of ma- 
terials is to be considered. 

Conc usions.—Over a one hour period, 
lime sulfur solution was stable toward oxi- 
dation in solutions more concentrated 
than 1-100. The solutions contained quan- 
tities of soluble sulfur, the amount of 
which depended upon the dilution of the 
concentrate. 

A period of 45 hours was necessary for 
the decomposition of the sulfide sulfur in 
a lime sulfur solution diluted 1-50. Thio- 
sulfates and sulfur as the sulfate were 
formed in solution as the sulfide disap- 
peared. 

Distilled water used as the diluent gave 
the most consistent results on analysis of 
the lime sulfur solution, but in general 
any of the waters tested may be used for 
dilution without change in the soluble sul- 
fur in solution. 

Decomposition of lime sulfur by the ad- 
dition of lead arsenate was found to be 
greater in the dilute mixtures than in the 
concentrated. In solutions more concen- 
trated than 1-50, the decomposition ap- 
peared to be a constant quantity. 

The effect of a change in temperature 
upon the decomposition of lime sulfur by 
lead arsenate appeared to be only as an 
alteration of the rate of decomposition. 

Arsenic appeared to be rendered soluble 
in the solution; the amount of which was 
relative to the quantity of hydrogen sul- 
fide evolved from the solution. 

Lime added to mixtures of lime sulfur 
and lead arsenate prevented the decom- 
position of the sulfide sulfur of the solu- 
tion. The arsenic in solution was decreased 
as the proportion of lime was increased. 
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Residues resulting from the addition of 1 
pound of lime to the diluted mixtures of 
lime sulfur and lead arsenate between the 
range of 1-20 and 1-100 were constant. 
The reduction in weight of the residue ap- 
proximated the weight of lead sulfide 
present in residues from mixtures of simi- 
lar dilution containing lime sulfur and 
lead arsenate. 

Progressive increase in the proportion 
of lime added to a 1-50 dilution of lime 
sulfur and lead arsenate showed a varied 
effect upon the percentage of sulfide sulfur 
in solution. When 8 ounces of lime were 
added, a protection from decomposition 
of the sulfide resulted which was not 
equaled by any quantity used until 9 
pounds of lime were added. The condition 
of the sulfides with respect to calcium in 
combination in solution was decreased as 
lime was added to the mixture. 

Dried skim milk in combination with 
the lime sulfur and lead arsenate aided in 
the retention of the sulfide sulfur content 
of the solution. The retardation of the de- 
composition was not as great as that af- 
forded by lime. Soluble arsenic was 
formed in the solution in quantities 
greater than those found in solutions 
from lime sulfur and lead arsenate mix- 
tures. 

Quadruple mixtures containing lime 
sulfur, lead arsenate, lime and skim milk 
in the dry form in proportions of 8 ounces, 
1, 2 and 3 pounds in 100 gallons of solu- 
tion showed a protection from decomposi- 
tion of the sulfides, the amount of which 
depended upon the proportion of lime and 
dried skim milk that was present in the 
mixture. 

A compilation of the percentages of 
sulfide sulfur found to be present in the 
solutions from the quadruple mixtures in- 
dicates that mixtures containing equiva- 
lent quantities of both lime and dried 
skim milk will give the greatest protection 
to the lime sulfur from decomposition by 
lead arsenate. The percentage of sulfide 
sulfur, however, did not attain the values 
found in solutions of lime sulfur at the 
same concentration.—3-18-38. 
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SCIENTIFIC 


Nicotine Sulphate Plus Summer Oil 
for the Control of Tentiform 
Leaf Miners 


Various tentiform leaf miners have been noticed 
in sporadic outbreaks from time to time in Michigan 
orchards. Generally, the damage inflicted has been 
more apparent than real. 

In September, 1936, my attention was called to 
an unusually severe outbreak of Ornix geminatella 
Pack. The orchard was kept under observation and 
the 1937 infestation started to develop in May. 
Severe defoliation seemed imminent before the 
season Was over. 

A spray of nicotine sulphate 40 per cent, three- 
fourths pint with one-half gallon summer oil 
emulsion, cleaned up the infestation, penetrating 
the mines and killing the caterpillars. Counts in- 
dicated a kill in excess of 90 per cent.—2-8-38. 

Ray Hutson, Michigan State College, 
Lansing. 


East 





Flea Beetle Injury to Sugar Beets 
in Central Utah 


During the spring of 1937 the hop flea beetle, 
Psylloides punctulatus Melsh., bred in enormous 
numbers upon Cheirinia repanda (L.) Link, an in- 
troduced wild mustard known commonly as western 
wallflower, on the range land adjacent to the culti- 
vated areas of the Sevier Valley in central Utah. 
These range lands, involving the territory which 
extended from Levan, through Fayette and south 
to Gunnison, a distance of about 20 miles, produced 
approximately 9000 acres of (. repanda in 1937, 
as compared to approximately 100 acres during 
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normal years. When this plant matured the flea 
beetle dispersed to near-by sugar beet fields and 
caused damage which resulted in nearly total de- 
struction of approximately 1000 acres of sugar beets 
in the seedling stage in the Sevier Valley. 

The cultivated area most severely attacked by 
flea beetle included approximately 3500 acres of 
sugar beets in the territory extending southward 
from Gunnison to Sigurd. The dispersal of the flea 
beetles from C. repanda occurred at a time when 
the sugar beets were in the cotyledon stage. The 
feeding of the flea beetle was restricted principally 
to the cotyledons and later to the tender beet 
foliage. However, in many instances the cool windy 
weather which prevailed during the period from 
late in April to early in June forced the flea beetles 
to seek shelter at the lower parts of the plants and 
during their sojourn in this location they fed to some 
extent on the stem of the sugar beet seedlings be- 
low the level of the soil surface. 

Associated with the flea beetle population on the 
sugar beets, there existed a heavy infestation of the 
beet leafhopper, Eutettix tenellus (Bak.), the vector 
of the curly top disease. The combined attack of 
these two species of insects, plus subnormal tem- 
peratures and dessicating winds during the early 
part of the season, were responsible for a marked 
decrease in the yield of sugar beets in the Sevier 
Valley during 1937. 

Preliminary experiments designed to control the 
flea beetle indicated that a spray made up at the 
rate of 1 pound of derris root powder containing 2 
per cent of rotenone, in 50 gallons of water, killed a 
large proportion of the resident flea beetle popula- 
tion. This spray, however, gave only temporary 
protection, since incoming flea beetles soon rein- 
fested the fields. Bordeaux mixture (4-4-50), to 
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which was added 4 pounds of calcium arsenate ap- 
plied at the rate of 75 gallons per acre, gave satis- 
factory protection against the flea beetles.—2-10-38. 
H. E. Dorst, U. S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine. 


Tobacco Flea Beetle Outbreak 


A very serious outbreak of the tobacco flea beetle, 
Epitrix parvula (F.), occurred in several of the 
Piedmont counties of Virginia and of North Caro- 
lina during May and June of 1937. In Virginia the 
losses were very heavy in three Virginia counties: 
Pittsylvania, Halifax and Charlotte. 

The tobacco flea beetle feeds on tobacco and re- 
lated plants throughout the summer, but generally 


” 


& 


Fic. 1.—Roots and stems of young tobacco plants 

badly injured by flea beetle larvae. The arrows 

point to the injured areas. There are many other 

places on the roots that have been injured but that 
do not show up in the photograph. 


the most serious damage is to young tobacco plants 
in the seed bed. The adults eat holes in the small 
leaves, often with serious results to the plants. The 
flea beetle larvae feed on the roots and stems of the 
plants both in the seed bed and in the field, but the 
larvae are so small that the injury they cause is 
usually not associated with flea beetle. 

The season of 1937 was unusual. There was an 
abundance of rain, and the downy mildew disease of 
tobacco, Peronospora tabacina, caused serious 
losses. All plant beds were injured more or less. 
About two weeks were required for the plants to 
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outgrow the injury by this disease. Notwithstand- 
ing the combined injury by the downy mildew 
and the flea beetle, many tobacco seedlings were 
produced. 

Transplanting started about May 10 as usual, 
but the plants failed to grow after being set in the 
field, and in a few days many of them died. It was 
believed by growers that the plants were dying as a 
result of injury by blue mold, and the fields were 
reset. In Pittsylvania County many fields had been 
reset five times by June 15. At that time a brief 
visit was made to the tobacco section and there 
were still some fields with only a partial stand. Then 
it was learned that the stems and roots of the 
plants were being injured by the flea beetle larvae, 
fig. 1. Many of the fibrous roots had been eaten 
away, and frequently 10 or 12 mature larvae were 
found in the stems of some plants. It is evident that 
large numbers of flea beetle eggs were deposited 
about the plants while they were still in the seed 
bed and that in the interval required for the plants 
to recover from the blue mold attack the eggs 
hatched and the larvae entered the stems. The 
plants were so badly infested when transplanted 
that many died within 10 days after being set in the 
field. The process of resetting continued until all 
plants available had been used and a few growers 
made long trips to secure additional plants. 

Field studies showed that some plants were killed 
or held back by downy mildew and some were 
damaged by the improper use of fertilizer, but all 
plants showed some injury by flea beetle. As a result 
of the downy mildew and the flea beetle, the crop 
in the area affected was reduced about 20 per cent. 
A few crops were plowed up. It was not possible 
to determine what part of the damage was caused 
by flea beetles. A few growers in different sections 
not only made protective sprays for downy mildew 
but also treated the tobacco seedlings for the flea 
beetle. Unfortunately there were only a few who did 
this, but the crops in fields in which treated plants 
were used were outstanding. These few fields usually 
had a good stand of uniform plants. The fields in 
which untreated plants were used generally had an 
imperfect stand, although they had been reset fre- 
quently. 

While it is common knowledge that the flea 
beetle larvae feed on the roots and stems of to- 
bacco plants, such serious injury as occurred in the 
1937 season has not been previously observed in 
this state. —1-7-38. 

W. J. Scuoene, Virginia Agricultural Experi- 
ment Station, Blacksburg. 


Identity of the Common Species of 
American Trichogramma 


When Peterson (1930) definitely proved the 
existence in America of two species of Trichogramma 
he stated that he made no attempt to ascertain 
their correct scientific names. 

Since it appeared to Peterson that Riley (1871, 
1879), who described a dark colored species as 
““minutum”™ and a yellow species as “‘pretiosum,”’ may 
have had the same species in Missouri that Peter- 
son found in New Jersey, he suggested for the sake 
of convenience that Riley's original specific names 
be used to distinguish these biological color species. 

Therefore these names have generally been used 
by the writer and others to designate the dark and 
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light colored species of the common American 
Trichogramma. However, Peterson stated that 
* .. it should be noted that Riley’s Trichogramma 
minuta material was collected in the fall, and it is 
possible that he may had the dark colored indi- 
viduals of the yellow species.’ It now appears that 
such was the case. 

Under laboratory conditions the species of Tri- 
chogramma are readily distinguished by differences 
in color and developmental rates. Such biological 
differentiation usually is not possible in the field. 
However, Trichogramma, as in the case of a number 
of other parasites, prefers certain habitats and its 
natural hosts are those that are found in such 
habitats. Under natural conditions, therefore, the 
number of species attacked is limited by habitat. 

Authentic data, assembled to date, show that only 
the yellow species persists in arboreal habitats and 
only the dark species in field or low shrub habitats. 
These habitats are characterized by different host 
species. 

Riley reared his dark minutum from the eggs of 
Basilarchia archippus collected on willow in the fall 
of the year. Later Packard (1880) described a yel- 
low species reared, June 30, by S. H. Scudder from 
Papilio turnus as Trichogramma minutissimum. Ac- 
cording to Howard (1889), Scudder reared addi- 
tional specimens from Basilarchia archippus, the color 
of which during life was wax-yellow. It is apparent 
therefore on this basis that 7. minutissimum is the 
summer phase of 7. minutum. 

On the other hand, Trichogramma pretiosum was 
described from the eggs of Alabama argillacea, a 
field host. Girault (1906) studied this species as a 
parasite of Heliothis obsoleta and found that, as the 
season became colder, black individuals appeared. 
This dark fall phase he described as nigra, a variety 
of T. pretiosum. 

We have therefore gradations in color both in the 
arboreal species and in the field species. How- 
ever, under natural conditions pretiosum does not 
entirely lose its dark markings while minutum does. 
The writer has examined many specimens from 
field hosts but has never observed any that were 
pure yellow. Both species may include many races 
characterized by differences in rates of development. 

The seasonal phases of the two common species of 
Trichogramma should be designated as follows: 
SPRING oR Fauu 

Pass 
T. minutissimum T. minutum 
T. pretiosum T. nigra 


SPECIES SumMMER Puase 


Arboreal 
Field 
2-14-38. 
S. E. Franpers, University of California Citrus 
Experiment Station, Riverside. 
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The pyralid moth, Lineodes integra 
Zell., as a Pest of Eggplant 


The account by Compton (1937) of this insect as 
a pest of tomatoes recalled an observation by the 
writer made several years ago. On October 12, 1931, 
he noted that a small patch of eggplant in the lower 
Tia Juana Val!ey in San Diego County, Calif., was 
being damaged by larvae which, from the nature 
of their work and their appearance, seemed to be the 
greenhouse leaf tyer, Phlyctaenia rubigalis (Guen.). 
Some of these larvae were collected and reared at 
Alhambra. On emerging the adults were very dif- 
ferent from those of the greenhouse leaf tyer. 
Specimens sent to Washington were identified as 
Lineodes integra Zell. J. E. Graf, formerly in charge 
of the division of Truck Crop Insect Investigations 
of this Bureau, wrote as follows regarding the in- 
sect: “I find in looking up the literature that this is 
apparently not an economic species. Its food plants 
are recorded as Solanum radula and S. jasmini- 
olium. Apparently the eggplant is a new food.” 

Several visits were made to the same area in suc- 
ceeding years, but no more infestations were found. 
On August 18, 1937, however, J. C. Elmore, when 
examining tomato plants near Laguna Beach, 
Orange County, collected folded leaves containing 
larvae which the writer suspected were this same 
species. Adults emerged on September 2, 1937, and 
were easily identified by their striking appearance 
and characteristic pose. Laguna Beach is about 85 
miles north of the Tia Juana infestation, and both 
are near the seashore. 

This species has been taken in Florida, Missouri, 
Texas, California, Mexico, Colombia, Brazil, Cuba, 
Jamaica and Grenada (Walsingham 1909-1915). 

According to Keifer (1937) this pyralid has been 
generally distributed in California for a number of 
years. 

He says: “The larvae of this moth have several 
broods a year on both Solanum rantii and S. um- 
belliferum. The young larvae begin by producing 
a characteristic skeletonization but later become 
leaf rollers. Tomato is occasionally attacked. A 
colony of these larvae was found near Cloverdale in 
1926, on Nicotiana glauca, tree tobacco. I have not 
observed the larva on Solanum nigrum... . The 
moth occurs throughout the valieys and in the 
coastal section of California, but seems commoner 
to the south.” 

- John A. Comstock, in a letter written in Septem- 
ber, 1937, reports specimens from Santa Catalina 
Island, Los Angeles and Beverly Terrace, Calif., 
and Oracle, Ariz. 

In a communication in September, 1937, E. P. 
Van Duzee reported specimens from San Diego in 
1915, Cuyamaca Mountains in 1915, Cloverdale in 
1926, Exeter in 1924 and Mokelumne Hill, Calif., 
and Brownsville, Tex. The most interesting speci- 
men is from “Potato Canyon,” Calif., collected by 
W. G. Wright in 1889. 

Compton (1937) reports that in Illinois the insect 
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Table 1.—Life history of Lineodes integra Zell. on eggplants at Alhambra, Calif. 1931-32. 








Femates EMERGED 


GENERATION - 
Date Number Date 
Nov. 
Nov. 
Nov 
Nov. 


Oct. 29 
Nov. 2 


Second March 22 Mar. 


Ecos Lain 


ADULTS 
EMERGED 


Eacs 


PupateD 
HatcHeD 


Number 


12 Nov. 9-10) 
56 Nov. 10-12) 
122 Nov. 13-17 


15 - 


Jan. 25-31 Mar. 21-31 


May 31- June 20-23 


12 Apr. 11 
June 2 





has been observed only in greenhouses, but may 
have migrated from outdoor plants. 

With this general distribution the insect could 
become a pest of considerable importance should 
conditions become favorable. Either the climate has 
not been favorable for rapid multiplication or 
natural enemies have held it in check. The damage 
to the eggplant observed in San Diego County and 
the severe damage to tomatoes in greenhouses de- 
scribed by Compton indicate that the insect has 
possibilities of becoming a serious pest of these 
plants, and possibly other Solanaceae. 

Damage to eggplant is similar to that described 
by Compton to tomato. The young larvae at first 
skeletonize the leaves, then as they grow larger 
they eat irregular holes in the leaves and finally 
they tie and roll the edges over in typical leaf 
roller manner. Young caged plants may be severely 
injured by only a few larvae. 

A few observations were made on the life history 
of this insect on eggplant. From larvae pupating 
about October 22, adults emerged and were confined 
in cages over small eggplants. 

The data in table 1 show two generations from 
November 3 to June 20, the winter generation 
requiring 138 days and the spring generation 83 
days. As the developmental period for the spring 
generation was so much shorter than that for the 
winter generation, it seems probable that there 
would be two more generations during the remainder 
of the year. Four females produced a total of 205 
eggs, an average of slightly over 51 each. These 
were laid in about equal numbers on the upper and 
lower sides of the leaves; a few were laid on the buds 
and petals.—4-15-38. 

Roy E. Campseit, U. S. Department of Agricul- 
ture, Bureau of Entomology and Plant Quarantine. 
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Reaction of the Codling Moth to 
Nicotine Exposed in Apple Trees 


To pursue further the idea of killing the codling 
moth with nicotine vapor, experiments were made 


to determine the effect of nicotine exposed to normal 
evaporation in apple trees. The trees were approxi- 
mately 15 feet in spread and height, and were 
rather light in the amount of foliage. A bait jar was 
placed near the top of each tree. Six small screen 
cages, each containing two moths, were suspended 
through each tree. Strips of lightweight muslin, 14 
inches wide and 30 inches long, carrying the nico- 
tine, were evenly spaced among the cages. Each 
strip carried one-half ounce of 50 per cent free nico- 
tine. A six-ounce, wide-mouthed bottle, in which 
were placed four screws to facilitate distribution, 
was used in applying the nicotine. One-half ounce 
of nicotine was placed in the bottle, the strip was 
inserted and the bottle was stoppered and vigorously 
shaken. 

The cages and strips were placed in the trees at 
6 p.m., and the observations as to final results were 
made 22 hours later. Three trees were used in each 
test, the third tree serving as a control. Two series 
of tests were made, the one on Tuesday and the 
other on Wednesday of the same week. The results 
of the tests are indicated in table 1. 


Table 1.—Results of two series of tests made 
to determine reaction of codling moth to nico- 
tine. 








TREE 3 


LE Tree . 
Tree | Tree? (CONTROL) 


NUMBER OF pe es ee peo vor 
— Moths Dead Moths Dead Moths Dead 
: Caught Moths Caught Moths Caught Moths 
in Bait in in Bait in in Bait 
Jar Cages Jar Cages 
EXPERIMENT 1 
ll 


5 3 


s 7 
EXPERIMENT 2 
4 2 7 
5 4 6 
12 12 4 10 





There appears to be no significant correlation be- 
tween the presence of the nicotine and the number 
of moths caught in the bait jars. The mortality of 
the moths in the cages was apparently not affected 
by two strips to the tree, but a marked mortality 
resulted from four strips to the tree, and a mor- 
tality approximating 80 per cent resulted where 
there were six strips to the tree. The maximum 
temperature on the day of experiment 1 was 99 
degrees F. and on the day of experiment 2 it was 
103 degrees F. Scarcely any odor of nicotine could 
be detected when the strips were held to the nose 
at the end of 24 hours. There was an appreciable 
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breeze from sunrise until sunset on both days, but 
at times during the night the atmosphere was prac- 
tically dead calm.—4-25-38. 

Ravpnu H. Samira, University of California at Los 
Angeles. 


New Control Methods for the 
Corn Ear Worm 


Outbreaks of the corn ear worm Heliothis obsoleta 
(F.) in the northern states during recent years have 
given impetus to the search for a means of protect- 
ing corn ears against attack by this insect. From 
experiments conducted by the writer during the 
past three summers in the vicinity of New Haven, 
Conn., and three winters in Dade County, Fla., 
two promising methods of protecting corn ears have 
been developed, fumigation and oiling. 

Fumigation of the growing ear is accomplished by 
inserting a tablet containing hexachlorethane and 
confining it with a wire clip. The tablets are cylindri- 
cal in form, flat at one end and round at the other, 
about 5 mm. in diameter, and each contains about 
0.5 gram of the fumigant pressed with suitable car- 
rier. The clips are made by bending 5-inch lengths 
of 16-gage galvanized crimping wire in the form of 
a hairpin, the two members being parallel and in 
contact and the terminal quarter inch of one being 
bent at right angles so that the other end, when 
lifted over it, will catch and hold. 

The tablet is inserted in the tip of the ear and 
pushed in for an inch or more with a pusher consist- 
ing of a 1} inch length of one-eighth inch wire 
mounted radially on a metal finger ring. Use of the 
pusher leaves both hands of the operator free to 
handle the tablets and clips. As soon as the fumi- 
gant is in place, a clip is fastened about the tip of the 
husk. The evaporating hexachlorethane permeates 
the silk, killing both the larvae that have entered 
previous to treatment and those that enter later. 
The clip prevents the tablet from being pushed out 
of the ear and confines the hexachlorethane gas. 
Ears to be protected should be treated as soon as 
they have become fertilized, i.¢., when the silks have 
wilted but before they have turned brown. 

The control obtained by this treatment has con- 
sistently amounted to more than 90 per cent of 
uninjured and uninfested ears in localities where all 
untreated ears were infested and injured. The fumi- 
gant does not injure the ears, and no taste or odor 
remains on the kernels at the time of harvest. Their 
suitability as food as in no way affected. As near as 
can be determined previous to commercial manu- 
facture of the tablets and clips, the total cost of pro- 
tecting ears by fumigation in this manner, includ- 
ing materials and labor, should be about three cents 
a dozen. 

A much less expensive, though somewhat less 
efficient, means of protecting corn ears is the appli- 
cation of a light, highly refined mineral oil of 100 
to 200 Saybolt viscosity (100 degrees F.) to the silks 
as soon as the ears have been fertilized. The oil may 
be atomized or sprayed on the external silks, or it 
may be applied with an ordinary oil can. The use of 
the oilean makes expensive equipment unnecessary 
and reduces run off. The snout of the can is placed at 
the tip of the ear or inserted slightly into the silk. 
From 0.5 to 1 ce. per ear is sufficient to protect it. 
Oil of the viscosity specified permeates the entire 
mass of internal silk. Small larvae that entered 
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previous to treatment or that enter later are smoth- 
ered, and larger larvae usually leave the ears after 
treatment. 

This method of control has resulted in about 75 
per cent of uninfested ears, and in as high as 89 per 
cent of uninjured ears at roasting-ear stage under 
conditions where all untreated ears were infested 
and injured. The total cost of this treatment will 
probably be no more than a cent per dozen ears. 
The oil is harmless to persons and if applied at the 
stated rates very little of it reaches the kernels. 
The marketable attractiveness of roasting ears is in 
no way affected. 

Both these control methods can be applied and 
will remain effective under any weather con- 
ditions. Neither involves the use of expensive or 
complicated equipment. A single treatment per ear 
is sufficient. The ears are protected up to the roast- 
ing-ear stage or later. There is no danger to con- 
sumers of roasting ears as a result of either treat- 
ment. Neither one injures the appearance of the ear 
nor affects its flavor or attractiveness to the con- 
sumer,.— 4-27-38. 


G. W. Barser, U. S. Department of Agri- 


culture, Bureau of Entomology and Plant Quarantine. 


European Parasites of Rhyacionia 
buoliana (Schiff.), Coleophora 
laricella Hbn. and Phyllotoma 

nemorata (Fall.) 


Since 1931 the Bureau of Entomology and Plant 
Quarantine has imported a number of European 
parasites of the European pine shoot moth, Rhya- 
buoliana (Schiff.), the larch casebearer, 
Coleophora laricella Hbn., and the birch leaf-mining 
sawfly, Phyllotoma nemorata (Fall.), for liberation 
in the United States. Parasites of Rhyacionia and 
Coleophora were obtained from Austria in 1931-35, 
from England in 1936 and from Holland in 1937, 
and parasites of Phyllotoma were obtained from 
Austria in 1931-34. 

Twelve hymenopterous and two dipterous para- 
sites of Rhyacionia have been liberated. Three spe- 
cies of these are known to have become established. 
Tetrastichus turionum (Hartig) has been recovered 
from three colonization points: Brookline, Mass., 
Matinecock, Long Island, N. Y., and New Vernon, 
N. J. It has also been reared from material collected 
at Forest Hills, Mass., about two miles from Brook- 
line. Cremastus interruptor Grav. has been recovered 
from four colonization points: Branford and Fair- 
field, Conn., Syosset, Long Island, N. Y., and New 
Vernon, N. J. Orgilus obscurator (Nees) was reared 
from material collected at Newport, R. L, in 1925, 
which was before these importations were made, 
but it was not reared again until 1932. Since that 
time it has been recovered from the following 
localities: New Haven, Fairfield, Branford, Middle- 
town and Easton, Conn., Syosset, Long Island and 
North Castle, N. Y., and New Vernon, N. J. 

Five hymenopterous parasites of Coleophora have 
been liberated in this country and two have been 
recovered. Bassus pumilus (Ratz.) and Chrysocharis 
laricinellae (Ratz.) have been recovered from 
liberation points at Sidney, Me., Berlin, N. H., and 
Saranac, N. Y., and the latter from Sharon, Vt., 
also. 
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Five hymenopterous parasites of Phyllotoma have 
been liberated in this country and two have been 
recovered. Phanomeris phyllotomae Mues. has been 
recovered from colonization points at Bar Harbor 
and Eustis, Me., and Chrysocharis laricinellae 
(Ratz.) from colonization points at Eustis, Me., and 
Stark, N. H. 

From all the recoveries only a few adult para- 
sites were secured, but in each case both sexes were 
represented, and in all cases except that of Cre- 
mastus interruptor the recoveries were made more 
than one year after the original liberation. Cre- 
mastus was first recovered in 1937 from liberations 
made in 1936.—4-11-38. 

P. B. Dowpen and P. A. Berry, U. S. Depart- 
ment of Agriculture, Bureau of Entomology and Plant 
Quarantine. 


A Larval Mermithid, Mermis subni- 
grescens Cobb, as a Parasite of 
the Honeybee* 


While making examination of the abdominal con- 
tents of crawling bees, A pis mellifera L., at the apiary 
of the University of Illinois at Champaign on June 
18, 1937, the writer discovered the presence of a 
threadlike larva within one worker honeybee’s ab- 
domen, the entire contents of which apparently had 
been consumed by the parasite. The larva, white in 
color, exhibited some slight wriggling movements 
when removed but soon became motionless. It 
measured approximately 1} inches (43.8 mm.) in 
length by 1/64 inch (0.4 mm.) in width; its head end 
was slightly enlarged. The parasitized bee showed no 
external evidence other than a swollen abdomen and 
apparent partial paralysis as exhibited by bees suf- 
fering from spray poisoning or Nosema disease. 
Examination of numerous other crawling bees dis- 
closed no further parasites of this nature. 

Through the kindness and courtesy of Dr. G. 
Steiner, Principal Nematologist in Charge of the Di- 
vision of Nematology, Bureau of Plant Industry, 
United States Department of Agriculture, whose 
help is hereby acknowledged, this nematode para- 
site has been identified as a larval mermithid, the 
species being Mermis subnigrescens Cobb. We quote 
from his letter as follows: “It is a rather common 
mermithid species in this country attacking grass- 
hopper species in large numbers; in fact, one of their 
main controlling agents east of the Rocky Moun- 
tains. The finding of this parasite in the honeybee is 
the first such observation in this country. A closely 
related species, Mermis nigrescens, has been re- 
ported as a very rare parasite of the honeybee in 
Europe.” 

Finding of this first known case of such parasitism 
of the honeybee indicates that it may be expected 
to be found from New England westward to Min- 
nesota, Lowa and Missouri within which area M. 
subnigrescens is known to occur as a parasite of nine 
species of Tettigoniidae and Acrididae, according to 
reports of Christie (1937). In the case of grasshop- 
pers, infection results from feeding of the grass- 
hoppers on plants on the surface of which the eggs 
of this mermithid are laid. Upon being swallowed by 
the grasshopper the eggs promptly hatch, the larvae 
entering the body cavity for feeding and growth. 


* Contribution No. 192 from the Entomological Laboratories 
of the University of Illinois. 
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The possible method of infection of a honeybee 
is in part suggested by the fact the females lay their 
eggs especially during rainy weather. It is common 
observation that honeybees, especially after a 
period of confinement to the hives because of cold 
weather, often in their eagerness to gather new sup- 
plies of water, actually take water from leaves, 
blades of grass and other objects. Further, it would 
not be impossible for a honeybee to take nectar that 
might be contaminated with the eggs of this para- 
site. 

Parasitism of honeybees by another species of 
mermithid, Agamermis decaudata, is not improb- 
able since it is also a general parasite of grasshop- 
pers occurring in practically the same region as M. 
subnigrescens but extending slightly further south- 
ward. Since the eggs of A. decaudata are laid in the 
soil, the larvae crawling upward on the plants, the 
manner of infestation would probably differ from 
that of M. subnigrescens only in that larvae of the 
former would be swallowed with nectar or water. 
4-7-38. 

V. G. Mitum, University of Illinois, Urbana. 
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Methyl Bromide Vapor Against Five 
Species of Stored Product Insects 


In a cabinet of 10 cubic feet capacity, 35 at- 
mospheric fumigations with methyl bromide were 
made at various room temperatures, concentrations 
of vapor and periods of exposure. In a typical fumi- 
gation, the following reared insects were placed in 
the cabinet: 100 adult granary weevils, Sitophilus 
granarius (L.); 40 bean weevils, Acanthoscelides 
obtectus (Say); 20 dermestid larvae of several in- 
stars, Trogoderma versicolor (Creutz); 20 larvae or 
adults of the square-necked grain beetle, Silranus 
gemmelatus Duv.; and 20 mature larvae of the dark 
mealworm, Tenebrio obscurus F. 

Half of the sample of each species was placed in 
one vial and half in another. The mouth of each 
vial was covered with cheesecloth. One set of 5 
vials representing the 5 species was placed on the 
floor of the cabinet, the other was placed in a jar in 
the cabinet and covered to a depth of 6 inches by 
wheat. Samples of 20 seeds each of bean, oats, corn 
and wheat were also placed in the cabinet to test 
the effect of the vapor on subsequent germination 
At the same time a set of vials of insects and a set 
of seeds were placed in another cabinet of the same 
size to serve as untreated checks. The desired dose 
of methyl bromide was applied by pouring a meas- 
ured volume of the cold liquid into a cold shallow 
dish on the floor of the cabinet, which was then 
quickly closed. Mortality counts were made im- 
mediately after the insects were removed from the 
cabinets. As it was noticed that some insects sur- 
viving at the end of the exposure period might suc 
cumb later from the effects of the vapor, additional 
mortality counts were made at intervals up to 48 
hours. 

From the results of the foregoing tests it is es- 
timated that a dosage of 1 pound of methyl bromide 
per 1000 cubic feet of space should be sufficient to 
kill 100 per cent of each of the 5 species of insects in 
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a 12-hour atmospheric fumigation in a tight vault at 
temperatures ranging from 58 degrees to 70 de- 
grees F. Of course this is not to be construed asa 
practical recommendation, as lower dosages may 
be sufficient or higher dosages required, depending 
on the species to be controlled and on the quantity 
and nature of the infested material. The granary 
weevil was the most susceptible of the five species 
studied by the writers. Shepard, Lindgren & Thomas 
(1937) found it more susceptible to methyl bromide 
than to hydrocyanic acid. In the present work the 
bean weevil, dermestid larvae, the square-necked 
grain beetle and the dark mealworm were increas- 
ingly more resistant to methyl bromide in the order 
named. 

Under conditions that gave 100 per cent kill of 
all 5 species of insects, the germination of wheat, 
oats, corn and beans was not affected by methyl 
bromide. 

Immersion in liquid methyl bromide and exposure 
to its vapor did not affect any of nine common 
metals nor change the color of seven wallpapers or of 
nine samples of dyed cotton goods 
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The writers are familiar with the literature on the 
effect of methyl bromide on man and know that its 
vapors should not be inhaled. They experienced 
no ill effects from its use in the present tests and 
found it non-flammable and easy to handle. On the 
whole they believe that methyl bromide is worthy 
of further investigation for the control of stored 
product insects. 

Vapors from the liquids ethylene chlorobromide 
and tetrahydronaphthalene were also tested in the 
manner described above, but few tests were made 
because these compounds appeared to have no 
practical value against the stored product insects 
named.—3-7-38. 

W. R. Prrer, Jr., 


State University. 


and R. H. Davipson, Ohio 
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Furthering the Value of Symposia 


AT the recent Indianapolis meetings of the 
American Association of Economic En- 
tomologists, following the symposium on 
pea aphid, I made a suggestion that mem- 
bers who are chosen to take part in sym- 
posia should arrange previously to have 
their contributions mimeographed and in 
the hands of members at the time of 
registration. In an Association the size of 
ours, it may not be possible to adopt such 
a suggestion, but it seems to me some- 
thing along this line could be considered 
by those responsible for the program. 

Entomologists who are invited to take 
part in symposia are workers who speak 
with authority and usually, I would say, 
occupy positions of importance. It should, 
therefore, not be difficult in most cases to 
have copies of contributions prepared, or 
at least good abstracts of them, so that 
the average member will have a fair idea 
of what is under discussion and in this 
way be in a position to take an intelligent 
part in the proceedings. Furthermore, 
such copies would undoubtedly not only 
assist very materially in advancing in- 
vestigations in many districts, but would 
also help those who present reports to 
their respective departments following at- 
tendance at important conferences. 

When the World’s Poultry Congress 
was held in London, Eng., in 1930, each 
delegate on registration was presented 
with six volumes in which all papers to be 
read at the several sessions were printed 
in full. This did not interfere in any way 
with the presentation of papers by au- 
thors at the definite sessions indicated in 
the program. The arrangements did, how- 
ever, give those who were specially inter- 
ested in any paper an opportunity, in the 
meantime, to think of intelligent ques- 
tions. 

All of us who attend the annual meeting 
hear only a limited number of papers, but 
we all derive much benefit from personal 
contacts and the opportunity thus given 
of conferring on common grounds. Such 
opportunity, however, is restricted. After 





listening to an important symposium, I 
have frequently had discussions of value 
with those who took part, but these hur- 
ried talks would have been of much more 
value if I had been given an opportunity 
beforehand of reading the paper, or a 
synopsis of it. 

ArTHUR GIBSON 


More News for Entomologists 


EVERY scientific society is, after all, only 
a conglomerate of human beings. Like 
most other human beings, entomologists 
regard with interest the comings and go- 
ings of their fellows. They read the news- 
papers, they exchange bits of news at 
their clubs, they even listen to the tales 
their wives bring home from afternoon 
bridge or tea tables. 

One section of the JouRNAL or Eco- 
nomic Entomo.ocy, “Current Notes,” 
is set aside for news of entomologists. The 
launching of new projects, the completion 
of old projects, meetings, awards, election 
to office in other societies, travel in the 
interest of special entomological investi- 
gations, changes in personnel, promotions, 
retirements are all legitimate news items 
for a publication like the JouRNAL. 

A few readers of the JourNAL willingly 
assume as their responsibility the submis- 
sion of such items of interest as come to 
their attention. But unless more readers 
in widely scattered parts of the country 
assume a like responsibility, the items will 
not be representative of American en- 
tomology as a whole. Secretaries of branch 
and special meetings should consider it 
part of their jobs to submit brief state- 
ments of the chief features of these events, 
both before and after they take place, for 
publication in the JouRNAL. 

At this time, the Editor wishes to urge 
upon readers the necessity for assuming 
the responsibility of submitting to the 
JoURNAL such notes about themselves 
and their associates as are of general in- 
terest to entomologists. 


T. H. Frison 
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William Earl Rumsey 1865-1938 


William Earl Rumsey, a pioneer member of the 
American Association of Economic Entomologists 
and a charter member of the Entomological Society 
of America, died of chronic pyelitis, February 16, 
1938. 

Mr. Rumsey was born in Van Etten, N. Y., on 
September 9, 1865. He attended Cornell University, 
where he studied entomology under Professor Com- 
stock and from which he was graduated in 1891. 
On January 9, 1893, he became assistant to Dr, 
Hopkins at the West Virginia Experiment Station 
and later became entomologist of the station. At 
the time of his death he had completed forty-five 
years continuous service, being the oldest member of 
the staff. From 1913 to 1934 he was also State 
Entomologist. 

In his earlier years at the station he participated 
in the studies of forest insects; later he did much 
work with fruit pests, particularly with the periodi- 
cal cicada and the San José scale. 

As State Entomologist, Mr. Rumsey won a wide 
acquaintance with the people of the state while 
performing tasks which were usually thankless, 
disagreeable and difficult. Especially was this true 
in the campaign to eradicate cedars in the com- 
mercial orchard section for the protection of apples 
from the rust. He was here faced with a very dis- 
tinct conflict of interests and it was due almost en- 
tirely to his personal characteristics that the work 
was established without lasting resentment from 
any group. His quiet perseverance, transparent sin- 
cerity of purpose, tact and consideration won him the 
liking and respect of all with whom he had to deal, 
and not only led to success in this undertaking, but 
won much support for the work of the Experiment 
Station in general. 

Mr. Rumsey was in all respects a good citizen; 
he was active in fraternal work and in the Methodist 
Church. His many friends in all walks of life testify 
to his many lovable qualities. He retained his 
mental and physical activity to the last, and, in 
spite of his physical handicap, could still play a 
game of tennis which was beyond most of his 
younger associates. 


Among his colleagues throughout West Virginia 
University and the entomological profession his 
cheerful friendliness, interest in others and in- 
flexible support of what was right, coupled with 


William Earl Rumsey 


charity for the weaknesses and mistakes of others, 
won him universal love and respect. 

Surviving relatives include his wife, Stella Berk- 
shire Rumsey, a son, Neale O. Rumsey, and a 
daughter, Virginia Rumsey Ney. Two sisters, Mrs. 
Holley Briggs of Van Etten, N. Y., and Mrs. Annie 
Agee of Portland, Ore., also survive.—5-4-38. 

L. M. Petars 


Pressley Adams Glenn 1867-1938 


P. A. Glenn was born in Westmoreland County, 
Pa., July 9, 1867. He studied at Highland College 
and the University of Kansas, receiving the A.B. 
and honorary A.M. degrees from Highland and an 
\.B. from Kansas. Following graduation he taught 
science and mathematics in Highland College from 
1898 to 1907, and was Assistant Professor of En- 
tomology in the University of Kansas from 1907 to 
1911. He came to Illinois in 1911 and served as 
Entomologist and Chief Horticultural Inspector 
with the organization now known as the Natural 
History Survey, under the administration of Pro- 
fessor S. A. Forbes. In 1917 he was made Chief 
Inspector of the Division of Plant Industry, Illinois 
State Department of Agriculture, and held this 
position, with his office at Urbana, until his retire- 
ment in 1935. In this position he demonstrated ex- 
cellent judgment and a fair but fearless and pro- 
gressive administration which won the support of 
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the large body of nurserymen with whom he worked 

Although his life was largely devoted to inspec- 
tion and administrative work, he demonstrated re- 
search ability of a high order and was outstanding as 
a field observer of insect life. His most extensive 
studies dealt with the green bug (‘Influence of 
Climate on the Green Bug and its Parasite,’ Uni- 
versity of Kansas Department of Entomology, 
1909) and the codling moth (“Codling Moth In- 
vestigations of the State Entomologist’s Office, 
1915-1917,” Illinois Natural History Survey, Bulle- 
tin 14, Article 7, 1922). 

His death occurred at the home of his son in 
Ellenwood, Kans., December 9, 1937. He will long 
be remembered for his contributions to economic 
entomology and legal control and for his kindliness, 
sincere friendship, devotion to duty and uncom- 
promising integrity.—4-17-38. 

C. L. Mercar 














Tuirp ANNUAL FLoripA ENTOMOLOGICAL 
CONFERENCE 

The Third Annual Florida Entomological Con- 
ference was held in Gainesville on March 17, 18 and 
19. This is a conference for students and profes- 
sional entomologists which is sponsored by the 
Newell Entomological Society. 

This year’s conference was well attended with 
some one hundred persons registering during the 
course of the various sessions. 

Dr. Dwight M. DeLong of Ohio State University 
was the featured speaker for the occasion. Dr. De- 
Long gave an interesting talk at the smoker on 
Thursday evening, March 17. On Friday, March 18, 
he gave a technical paper on leafhopper control. 

One of the highlights of this conference was the 
Fernald banquet which was held in Florida Union 
Annex on March 18. One hundred three people at- 
tended this banquet, which was given in honor of 
Dr. Henry T. Fernald, Professor Emeritus of Massa- 
chusetts State College and now a resident of Florida. 
Dr. John J. Tigert, President of the University of 
Florida, and A H. Madden, special representative 
of the Massachusetts State College, were the 
featured speakers. 

The conference was adjourned at noon, Saturday, 
March 19, as the assemblage rose in salute to Doctor 
Herbert Osborn, Professor Emeritus of Ohio State 
University, on the occasion of his eighty-second 
birthday. 


RETIREMENT OF PROFESSOR JOHANSSEN 


Professor O. A. Johanssen retired from active 
teaching and from his duties as head of the Depart- 
ment of Entomology at Cornell University in April 
of this year. On April 30 a testimonial dinner was 
given in his honor. 


ORGANIZATION MEETING IN GEORGIA 


An organization meeting of the Georgia Entomo- 
logical Society was held in the Aeronautical Engi- 
neering Building of the Georgia School of Tech- 
nology at Atlanta, Ga., on April 1, 1938. A consti- 
tution and by-laws were adopted and the following 
officers were elected: President, Theo. L. Bissoll; 
Vice President, Paul M. Gilmer; Secretary-Treas- 
urer, Horace O. Lund; Historian, P. W. Fattig. 

Following the business proceedings several scien- 
tific papers were presented and discussed, together 
with moving pictures of the white fringed beetle, 
the Japanese beetle and the potato beetle. 


Host to Corton STaTEsS BRANCH 


In the spring of 1939, the Newell Entomological 
Society will act as Florida host to the Cotton States 
Branch of the American Association of Economic 
Entomologists. This is the first time in the history 
of the Cotton States Branch that a student society 
has served as host. The convention city will be se- 
lected at an early date. 


Metca.r at PurRDUE 


Professor C. L. Metcalf of the University of II- 
linois was the principal speaker at the annual 
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banquet of the Thomas Say Entomological Club of 
Purdue University on March 21. His subject was 
“An Insect Looks at Mankind.” 


JOKEBOOK FOR ENTOMOLOGISTS 


For entomologists who must occasionally make 
speeches, as well as for those who do not, The En- 
tomologists’ Jokebook will prove a source of inspira- 
tion and will enable them to see themselves as the 
world sees them, in a light perhaps less serious than 
they usually see themselves and each other. 

The book is the work of Professor J. J. Davis of 
Purdue University, President of the American As- 
sociation of Economic Entomologists. For years he 
has been collecting jokes, poems and anecdotes re- 
lating to entomology. These are now confined within 
the 160 pages which make up the book. A copy may 
be secured from Exterminators Log, 512 East 14th 
Street, Kansas City, Mo. The price is $1.50. 


RETURN oF WorTHLEY 


Professor H. N. Worthley returned to State Col 
lege, Pa., on June 1, after nine months in resi- 
dence at the Ohio State University, Columbus. 


Discussion oF INseEcT PROBLEMS OF 
THE Ever-NoRMAL GRANARY 
PROGRAM 


At the request of Avery S. Hoyt, Acting Chief of 
the Bureau of Entomology and Plant Quarantine, 
United States Department of Agriculture, the 
official entomologists of a number of the north cen- 
tral states met at the New Hotel Jefferson, St 
Louis, Mo., April 19, to discuss the insect problems 
connected with the ever-normal granary program. 
Representatives were present from North Dakota, 
Nebraska, Iowa, Kansas, Minnesota, Missouri, 
Texas, Ohio, Michigan, Indiana and Illinois. 

The principal discussion concerned the damage 
from insects likely to occur by holding corn in farm 
cribs, or small grain in farm bins, for a period of one 
or two years. Certain regulations concerning the 
handling of grain in farm storage were agreed to by 
the group. These will be put out later by the Bureau 
of Entomology and Plant Quarantine. 

Dr. P. N. Annand, Special Assistant to the Chief 
of the Bureau of Entomology and Plant Quarantine, 
acted as chairman of the meeting. 


Pest ContTROL CONFERENCE AT PURDUE 
The second Pest Control Operators Conference 
was held at Purdue University in January. In at- 
tendance were 105 persons from 22 states and 
Canada. Reports are that the conference was so 
successful that it will be made an annual affair. 


Corton STATES BRANCH MEETING 


Large attendance and keen interest character- 
ized the meeting of the Cotton States Branch of the 
American Association of Economic Entomologists 
at New Orleans, February 3-5. O. I. Snapp was 
secretary of the meeting. 
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Pest CONTROL CONFERENCE ON 
THE Paciric Coast 


The first Pacific Coast Pest Control Conference 
was held at Stanford University, Calif., March 
28-31. Besides 77 pest control operators from the 
Pacific Coast, the attendants included Professor 
J.J. Davis of Purdue University. 


Pacitric Coast Brancu MEETING 


The Pacific Coast Branch of the American Associ- 
ation of Economic Entomologists is scheduled to 
meet in San Diego, Calif., June 22-24. 


Haypak on Tour 


Dr. M. H. Haydak, instructor in entomology and 
economic zoology, University of Minnesota, St. 
Paul, on May 17 visited the departments of en- 
tomology and physiology of the University of 
Illinois and the Illinois Natura! History Survey at 
Urbana. He was returning from an extended tour in 
which he had visited the University of Iowa, Da- 
dant’s Bee Culture Plant at Hamilton, Ill., the 
zoology department of Louisiana State University, 
the U. S. Department of Agriculture Bee Culture 
Laboratory as Baton Rouge, La., big producers of 
queens and package bees in Mississippi, the Uni- 
versity of Tennessee and the University of Ken- 
tucky. He planned to visit the University of Chi- 
cago, Northwestern University and the University 
of Wisconsin. 


InpEXx V DistRIBUTED 
TO MEMBERS 
Several members of the American Association of 


Economic Entomologists have expressed surprise at 
receiving copies of Index V when no specific order 
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had been placed. At the Forty-Eighth Annual 
Meeting in St. Louis, a 50 cent increase in dues was 
voted to cover the publication of Index V. All mem- 
bers of the Association who have kept their dues up 
to date since that meeting’ have been mailed a copy 
of the index without further charge. All other mem- 
bers may order copies at the price indicated in the 
advertisement on page vi. 


Rocky Mountain CONFERENCE 
oF ENTOMOLOGISTS 


The fourteenth Rocky Mountain Conference of 
Entomologists will be held at the University of 
Wyoming summer camp, Centennial, Wyo., August 
14 to 19, inclusive. As in the past, the arrangements 
will be such that families of entomologists in at- 
tendance can be comfortably cared for at the camp 
and enjoy an outing while the meetings are under 
way. 

The University of Wyoming summer camp is 
located in the Medicine Bow National Forest 
about 40 miles west of Laramie, Wyo., and 100 
miles north and west of Fort Collins, Colo., at an 
elevation of approximately 9500 feet. The camp 
consists of a large recreation and dining hall, two 
lecture and laboratory buildings and a number of 
cabins equipped to accommodate three persons in 
each cabin. All meals and bedding will be furnished 
at a reasonable cost at the camp. The Medicine 
Bow Mountain area is noted for its rugged scenery 
and good trout fishing. The nearby streams, lakes 
and mountain meadows furnish excellent high alti- 
tude insect collecting. 

Reservations should be made well in advance 
with the Secretary, George M. List, Colorado 
State College, Fort Collins, Colo. Detailed informa- 
tion in regard to the final arrangements will be sent 
those indicating they are interested in attending. 
Topics for discussion should be sent at an early 
date. 


HORTICULTURAL INSPECTION NOTES 


Tue FeperaL quarantine regulations relating to 
the Japanese beetle were revised effective April 11, 
having as the principal change the extension of 
regulated area in New York, Pennsylvania, Ohio, 
Maryland, Virginia and West Virginia, owing to the 
finding of infestations therein. Some outlying areas 
where the beetles have been found were not in- 
cluded because of assurance from the states con- 
cerned that adequate measures will be taken to pre- 
vent the spread of the pest from these areas. 

Tue Bureau or ENTOMOLOGY AND PLANT Quar- 
ANTINE has recently approved vacuum fumigation 
with hydrocyanic acid gas for the treatment of im- 
ported broomcorn restricted on account of the 
European corn borer. Previously such material was 
enterable subject to steam sterilization as a con- 
dition of entry. Recent tests have demonstrated that 
complete mortality of the European corn borer can 
be effected when the temperature of the stalks and 
of the fumigation chamber is not less than 60 
degrees F. and when this temperature is main- 
tained during a three hour exposure to hydrocyanic 
acid gas at the rate of three pounds of liquid hydro- 
cyanic acid or its equivalent per 1000 cubic feet of 
space with the air pressure in the fumigation cham- 


ber reduced to the equivalent of 2 inches of mercury 
(a 28-inch vacuum at sea level), and held during 
a three hour period. 

FUMIGATION is required as a condition of entry 
into Arizona from infested states of 44 kinds of 
plants, chiefly ornamentals, designated as hosts of 
the red scale, of certain mealybugs and certain 
whitefles, in revision of Arizona quarantine order 
No. 4 adopted March 17. The states designated as 
infested are Alabama, Arkansas, California, Florida, 
Georgia, Louisiana, Mississippi, New Mexico, 
North Carolina, South Carolina, Tennessee and 
Texas. 

AccorbiNG to the Federal Bureau of Entomology 
and Plant Quarantine, investigations in sterilizing 
fruit for the Mexican fruitfly have shown that the 
holding period at 110 degrees F. can be reduced 
from 8 to 6 hours provided the time for heating the 
fruit to this temperature is at least 8 hours, making 
a minimum treating period of 14 hours. The ad- 
ministrative instructions issued as circular P.Q.C.A.- 
329 on March 3, 1932, were accordingly modified 
and superseded by the issuance of circular B.E.P.Q.- 
472 on April 8, which provides for such reduced 
holding period. 
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RESERVATIONS FOR ANNUAL MEETING aT RicuMonp, Va. 


Early reservation of rooms for the December meeting of the American Association of Economic Ento- 
mologists is imperative, owing to the limited accommodations. The Hotel John Marshall in Richmond will 
be the headquarters of the entomologists. This hotel has the following rooms available: 


Number of Rooms Prices 

40 single or double $3 .50—5 .50 
40 single or double 4.00-—6 .00 
20 single or double 5 .00—7 .00 
40 twin beds 6.00 

60 twin beds 7.00 

50 twin beds 8.00 


Reservations should be made through Leonard K. Baber, Director of Advertising and Sales, Richmond 


Hotels, Richmond, Virginia. 





